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ESSAY  I, 


OF  THE  COMPOSITION  AND  ANALYSIS 
OF  GUNPOWDER. 


Gunpowder  is  an  artificial 

compoficionj  confifting  of fait- 
petrsy  Jiilphiir,  and  charcoal.  The 
principal  things  to  be  refpefled  in 
the  making  of  gunpowder  are, — the 
goodnefs  of  the  ingredients  ; — the 
manner  of  mixing  them ; — the  pro- 
portion in  which  they  are  to  be  com- 
bined ; — and  the  drying  of  the  pow- 
der after  it  is  made. 

VOL.  II.  A Salt-' 
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Saltpetre^  in  its  crude  ftate,' U'he- 
ther  it  be  brought  from  the  Eaft 
Indies,  or  made  in  Europe,  is  gene- 
rally, if  not  univerfally,  mixed  with 
a greater  or  lefs  portion  of  common 
fait : now  a fmall  portion  of  common 
fait  injures  the  goodnefs  of  a large 
quantity  of  gunpowder;  hence  it  be- 
copies  riecefiary,  in  making  gunpow- 
der, to  ufe  the  very  fin  eft  faltpetre. 
— The  pureft  fulphur  is  that  which 
is  fold  in  the  (hops  under  the  name  of 
flowers  of  fulphur;  but  the  roll_ ful- 
phur, being  much  cheaper  than  the 
flowers  of  fulphur,  and  being  alfo  of 
a great  degree  of  purity,  it  is  the  only 
fort  which  is  ufed  in  the  manufac- 
turing of  gunpowder. — With  relation 
to  the  charcoal,  it  has  been  generally 
believed  that  the  coal  from  foft  and 
light  woods  was  better  adapted  to 

the 
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the  making  of  gunpowder,  than  that 
from  the  hard  and  heavy  ones ; thus 
Evelyn  lays  of  the  hazel,  that  “it  made 
one  of  the  bed  coals  ufed  for  gun- 
powder, being  very  fine  and  light, 
till  they  found  alder  to  be  more  fit'^.” 
And  in  another  place  he  thinks  that 
lime-tree  coal  is  Hill  better  than  that 
from  alder  f . An  eminent  French 
chemift  has  fhewn,  from  adlual  ex- 
periment, that  this  opinion  in  fa- 
vour of  coal  from  light  woods  is  ill 
founded  ; he  affirms,  that  powder 
made  from  lime-tree  coal,  or  even 
» from  the  coal  of  the  pith  of  alder- 
tree,  is  in  no  refpedt  preferable  to 
that  made  from  the  coal  of  the  hard- 
eft  woods,  fuch  as  guaiacum  and 

oak. 

* Evelyn’s  Silva,  by  Dr.  Hunter,  p.  223. 
-j-  Id.  p.  946. 
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oak  This  remark,  if  it  be  con- 
firmed by  future  experience,  may 
be  of  ufe  to  the  m.akers  of  gunpow- 
der ; as  it  is  not  always  an  eafy  mat- 
ter for  them  to  procure  a fufncient 
quantity  of  the  coal  of  foft  wood. 

The  mixture  of  the  materials  of 
which  -gunpowder  is  made,  fhould 
be  as  intimate  and  as  uniform  as 
pofhble ; for,  in  whatever  manner 
the  explofion  may  be  accounted' for, 
it  is  Certain  that  the  three  ingredients 
are  neceffary  to  produce  it.  Salt- 
petre and  fulphur  mixed,  together 
give  no  explofion ; fulphur  and  char- 
coal give  no  explofon  ; and  though 
faltpetre  ^and  charcoal,  when  inti- 
mately mixed,  do  give  an  explofion, 
yet  it  is,  probably,  of  far  lefs  force 
than  what  is  produced  from  a mix- 
ture 


* Cbym.  par  M.  Baume,  Vol.  I.  p.  455. 
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ture  of  the  three  ingredients.  I have 
faid,  probably  I this  point 

does  not  feem  to  be  quite  fettled  at 

I ^ 

prefentj  as  may  appear  from  the  fol- 
lowing opinions,  of  two  eminent- 
chemifts,  each  of  whom  appeals  to- 
experience. — “ Un  melange  de  fix.. 
onces  de  nitre  et  d’une  once-  de. 
charbon  produit  une  pond  re  qui  a 
moitie  moins  de  force  que  toutes  cel- 
les  dans  lefquelles  on.'^fair  entrer  div. 
foufre  : cette  fubftance  eft  done  abfo- 
kiment  effentielle  a la  compofition 
de  la  poudre.-  Dans  le  temps  que 
je  travaillois  fur  cette  matiere,  quel- 
ques’particuliers  propoferent  de  faire 
de  la  poudre  fans  foufre  : ils  pro- 
mettoient  qu’elle  feroit  plus  forte, 
— La  poudre  dans  laquelle  on  fait 
entrer  une  petite  quamitc  de  foufre. 


aug- 
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angmente  de  force  du  double  — 
The  principal  ingredients  of  gun- 
powder, and  thofe  to  which  it  owes 
its  force,  are  nitre  and  charcoal ; for 
thefe  two  ingredients  well  mixed  to- 
gether, conftitute  gunpowder  at  lead: 
equal,  if  not  Juperior  in  Jirength  to 
common  gunpowder  (as  I found  by 
experience),  and  may  be  feen  in  the 
Memoire  of  Count  Saluce,  inferred 
in  the  Melanges  de  Philcjophie  et  de 
Mathematiques,  de  PAcademie  Roy  ale 
de  ’Turin.  The  fulphur  feems  toferve 
only  for  the  purpofe  of  fetting  fire 
to  the  mafs  with  a lefs  degree  of 
heat  — If  I may  triift  fome  crude 
experiments-  which  I have  made  with 

a com- 

* Chym.  pnr  M.  Baunie,  Voh  I.  p.  461. 
f Philof.  Tranf.  1779,  p*  397»  where  the 
reader  will  find  feveral  ingenious  experiments 
relative  to  the  nature  of  gunpowder,  by  Dr. 
Ingenhoufz, 
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a common ‘powder  Trier,  I mufh  ac- 
cede to  the  opinion  of  M.  Baume ; as 
I repeatedly  found  that  equal  bulks 
of  common  powder,  and  of  the  fame  . 
fort  of  powder,  freed  from  its  fulphnr 
by  a gentle  evaporation,  differed 
very  much  both  in  the  loud nefs  and 
force  of  the  explolion  ; the  powder 
which  had  loft  its-fulphur  being  in-' 
ferior  to  the  other  in  both  particu- 
lars. It  is  not  without  reafon,  that 
equal  bulks  are  here  fpecified,  /or 
any  definite  meaftire  of  common 
powder  weighs  more  than  the  fame* 
meafure  of  powder  which  has  loft 
its  fulphur  ; hence  the  refult  of  ex- 
periments made  with  equal  weights 
of  thefe  powders,  will  be  difierent 
from  that  which  is  derived  from  the 
explofion  of  equal  bulks  : may  not 
this  obfervation  tend  to  reconcile  the 

A 4 opinions 
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opinions  before  mentioned  ? But 
whether  fulphur  be  an  abfolutely 
neceffary  ingredient  in  the  compo- 
fition  of  gunpowder  or  nor,  it  is 
certain  that  an  accurate  mixture  of 
the  ingredients  is  effentially  requi- 
hte.  In  order  to  accomplifh  this  ac^ 
curate  mixture,  the  ingredients  are 
previoufly  reduced  into  coarfe  pow- 
ders, and  afterwards  ground  and, 
pounded  together,  till  the  powder 
becomes  exceeding  fine  ; and  when 
that  is  done  the  gunpowder  is  made. 
But  as  gunpowder,  in  the  date  of  an 
impalpable  dull,  would  be  incon- 
venient in  its  ufe,  it  has  been  cufto- 
mary  to  reduce  it  into  grains,  by 
forcing  it,  when  moiftened  with  wa- 
ter, through  fieves  of  various  fizes. 

The  ncceffity  of  a complete  mix- 
ture of  the  materials,  in  order  to 

have 
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have  good  gunpowder,  is  fenfibly 
felt,  in  the  ufe  of  fuch  as  has  been 
dried  after  having  been  accidentally 
wetted.  There  may  be  the  fame 
weight  of  the  powder  after  it  has 
*been  dried,  that  there  was  before  it 
was  wetted ; but,  its  ftrength  is  greatly 
diminilhed  on  account  of  the  mix- 
ture of  the  ingredients  being  lefs 
perfeft.  This  diminution  of  ftrength 
proceeds  from  the  water  having  dif- 
'folved  a portion  of  the  faltpetre  (the 
other  two  ingredients  .not  being  fo- 
luble  in  water) ; for  upon  drying  the 
powder,  the  diflblved  faltpetre  will 
be  cryftallized  in  particles  much 
larger  than-thofe  were,  which  entered 
into  the  compofition  of  the  gunpow- 
der, and  thus  the  mixture  will  be 
lefs  intimate  and  uniform,  than  it 

was  before  the  wetting.  This  wet- 
ting 
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ting  of  gunpowder  is  often  occa- 
fioned  by  the  mere  moifture  of  the 
atmofphere.  Great  complaints  were 
made  concerning  the  badnefs  of  the 
gunpowder  ufed  by  the  Englifli  in 
their  engagement  with  the  French 
fleet  off  Grenadaj  in  July  1779  ; 
the  French  having  done  much  da- 
mage to  the  mails  and  rigging  of  the 
Englifli,  when  the  Englifli  flioc  would 
not  reach  them.  When  this  matter 
was  inquired  into  by  the  Houfe  of 
Commons,  it  appeared  that  the  pow- 
der had  been  injured  by  the  moiflure. 
of  the  atmofphere  ; it  had  concreted 
into  large  lumps,  in  the  middle -of 
which  the  faltpetre  was  vifible  to  the. 
naked  eye.  If  the  wetting  has  been 
confiderable,  the  powder  is  rendered 
wholly  unfit  for  ufe  ; but  if  no  fo- 
reign fubftance  has  beea  mixed  with 

it 
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it  except  freOi  water,  it  m3.y  be  made 
into  good  gunpowder  again,  by  be- 
ing properly  pounded  and  granulat- 
ed. If  the  wetting  has  been  occa-  - 
honed  by  fait  water,  and  that  to  any 
confiderable  degree,  the  fea  fait,  upon 
drying  the  powder,  will  remain  mix- 
ed with  it,  and  may  fo  far  vitiate 
its  quality,  that  it  can  never  be  ufed 
again  in  the -form  of  gunpowder. 
However,  as  by  folution  in  water 
and  fubfequent  cryftallization,  the 
moft  valuable  part  of  the  gunpowder, 
namely,  the  faltpetre,  may  be  ex- 
tracted, and  in  its  original  purity, 
even  from  powder  that  has  been 
wetted  by  fea  water,  or  otherwife 
fpoiled,  the  faving  a damaged  pow- 
der is  a matter  of  national  oeconomy, 
and  defervedly  attended  to  in  the 
Elaboratory  at  Woolwich. 

The 
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The  proportions  in  which  the  in- 
gredients of  gunpowder  are  com- 
bined together,  are  not  the  fame  in 
different  nations,  nor  in  different 
works  of  the  fame  nation,  even  for. 
powder  deftined  to  the  fame  ufe.  It 
is  difficult  to  obtain  from  the  makers 
of  gunpowder,  any  information  upon 
this  fubjedt ; their  backwardnefs  in 
this  particular  arifes,  not  fo  much 
from  any  of  them  fancying  them- 
felves  poffieffied  of  the  beft  poffible- 
propoition,  as  from  an  affedfation 
of  myftery  common  to  moft  maftu- 
fadlurers,  and  an  apprehenfion  of 
difeovering  to  the*world  that  they 
do  not  ufe  fo  much  faltpetre  as  they 
ought  to  do,  or  as  their  competitors 
in  trade  really  do  ufe.  Saltpetre  is 
not  only  a much  dearer  commodity 
than  either  fulphur  or  charcoal,  but 

ir 
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-it  enters  alfo  in  a much -greater  pro- 
portion into  the  compofition  of  gun- 
powder, than  both  thefe  materials 
taken  together  ; hence,  there  is  a 
great  temptation  to  Idien  the  quan- 

• tity  of  the  faltpetre,  and  to  augment 
that  of  the  'other  ingredients  : and 
the  fraud  is  not  eafily  detected,  iince 
gunpowder,  which  will  explode  rea- 
dily and  loudly,  may  be  made  with 

-^'Very  different  quantities  of  falt- 

• petre. 

Baptijla  Porta  died  in  the  -year 
1515  ; he  gives  three  different  pro- 

• portions  for  the  making  of  gunpow- 
der, according  as  it  was  required  to 
be  of  different  ftrength  *.  I have 
reduced  his  proportions,  fo  that  the 
reader  may  fee  the  quantities  .of  the 
feveral  ingredients,  contained  in  100 

pounds 

* Mag,  Nat.  L.  XII.  c.  3. 
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pounds  weight  of  each  fort  of  pow- 
der. 


Weak. 

Strong. 

Strongeft. 

Saltpetre  66|lb. 

75 

80 

Sulphur  i6| 

12^ 

10 

Charcoal  1 6| 

10 

100 

100 

100 

It  is  fomewhat  remarkable,  that, 
in  all  ihefe  proportions,  the  fulphur 
and  charcoal  are  ufed  in  equal  quan-  ‘ 
titles.  Cardan  died  about  fixty  years 
after  Baptifta ‘Porta,  and  in  that  in- 
terval, the  proportions  of  the  ingre- 
dients of  gunpowder  feem  to  have 
undergone  a great  change.  Cardan’s 
proportions  for  great,  middle-fized, 
and  fmall  guns,  are  exprefled  in 
the  following  table  *. 

Salt- 

f Card.  Oper,  Vol.  III.  p.  379. 
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Gt.  Guns.‘ 


Mid.  fized. 


Small, 


Saltpetre  501b. 

Sulphur  j6| 

Charcoal  ^3^ 


20 


100 


100 


100 


For  great  and  middle-fized  guns, 
we  fee,  a much  greater  proportion  of 
charcoal  than  of  fulphur  was  iifed 
in  Cardan’s  time ; at  prefent,  I be- 
lieve, it  is  in  moft  places  the  re- 
•verfe,  or  at  lead:  the  charcoal  no 
where  exceeds  the  fulphur.  I have 
put  down  the  proportions  ufed  at 
prefent  in  England,  France,  Swe- 
den, Poland,  and  Italy,  for  the  belt 
kind  of  gunpowder. 


Salt 
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Eng. 

Fran. 

Swed. 

Pol. 

Italy. 

Saltpetre  75 

75 

75 

80  , 

Sulphur  15 

9i 

16 

12 

Charcoal  10 

i5i 

9 

8 

325: 

*100 

'1 00 II 

100+ 

0 

0 

Several  experiments  have  been 
lately  made  in  France,  in  order  to 
determine  the  exact  proportions  of 
the  feveral  ingredients  which  would 
produce  the  ftrongeft  poffible  pow- 
der; thefe  proportions  when  reduced, 
as  all  the  reft  have  been,  to  the  quan- 
tity 


* Thefe  are  faid  to  be  the  proportions  of 
government  powder. — Pemb.  Chem.  p.207. 

II  Chem.  Dift.  & Baume’s  Chem.  Vol.  I. 
p.  466. 

:{:  Mem.  de  Chem.  Vol.  II.  p.  425,  where  it 
is  faid,  that  two  fpecimens  of  powder  from 
Holland  gave  only  71  lb.  of  faltpetre  from  100 
of  powder.  , 

f Comm.  Scien,  Bonon.  Vol,  IV.  p.  113. 
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tity  compofing  one  hundred  pounds 
of  gunpowder,  are 

Saltpetre  Solb, 

Charcoal  1 5 

Sulphur  5 


100 


From  hence  it  would  appear,  that 
in  a certain  weight  of  faltpetre  the 
powder  would  produce  the  greatefl 
effed,  when  the  weight  of  the  char- 
coal was  to  that  of  the  fulphur  as  3' 
to  I.  On  the  other  hand,  experi- 
ments are  produced  from  which  it  is 
to  be  concluded  that,  in  a certain 
weight  of  faltpetre,  the  bed  powder 
is  made  when  the  fulphur  is  to  the 
charcoal  in  the  proportion  of  2^  to  i. 
From  thefe  different  accounts,  it 
ieems  as  if  the  problem  of  deter- 

VOL.  TI.  B 
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mining  the  very  befl:  poffible  propor- 
tion was  not  yet  folved. 

In  drying  gunpowder,  after  it  is 
reduced  into  grains,  there  are  two 
things  to  be  avoided,  too  much  and 
too  little  heat.  If  the  heat  is  too 
great,-  a portion  of  the  fulphur  will 
be  driven  off,  and  thus,  the  propor- 
tion of  the  ingredients  being  chang- 
ed, the  goodnefs  of  the  powder,  fo 
- far  as  it  depends  on  that  proportion, 
will  be  injured.  In  order  to  fee  what 
quantity  of  fulphur  might  be  fepa- 
rated  from  gunpowder,  by  a degree 
of  heat  not  fufficient  to  explode  it,  I 
took  24  grains  of  the  powder  marked 
FF  in  the  (hops,  and  placing  it  on  a 
piece  of  polifhed  copper,  I heated 
the  copper  by  holding  it  over  the 
flame  of  a candle  ; the  gunpowder 
foon  fent  forth  a ftrong  fulphureous 

vapour ; 
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vapour ^*and  when  it  had  been  dried 
fo  long  that  no  more  fume  or  fmell 
could  be  diftinguifhed,  the  remainder 
weighed  19  grains,  the  lofs  amount** 
ing  to  5 grains.  The  remainder  did 
not  explode  by  a fpark  like  gun- 
powder, but  like  a mixture  of  fait- 
p^tre  and  charcoal,  and  it  really  was 
nothing  elfe,  all  the  fulphur  having 
been  diflipated.  Gunpowder  was  for- 
merly dried  by  being  expofed  to  the 
heat  of  the  fun,  and  this  method  is 
flill  in  ufe  in  France,  and  in  fome 
other  countries ; afterwards  a vvay 
w'as  invented  of  expofing  it  to  a heat 
equal  to  that  of  boiling  water;  at 
ptefent  it  is  moft  generally  in  Eng- 
land dried  in  ftoves  heated  by  great 
iron  pots;  with  any  tolerable  caution 
no  danger  of  explolion  need  be  ap- 
prehended from  this  method.  All 

B 2 tit 
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the  watery  parts  of  the  gunpowder 
may  be  evaporated  by  a degree  of 
heat  greatly  lefs  than  that  in  which 
gunpowder  explodes,  that  degree 
having  been  afeertained  by  fomc 
late  experiments,  to  be  about  the 
6ooth  degree  on  Fahrenheit’s  fcale, 
in  which  the  heat  of  boiling  watejr 
is  fixed  at  212.  There  is  more  dan- 
ger of  evaporating  a portion  of  the 
fulphur,  in  this  way  of  drying  gun- 
powder, than  when  it  is  dried  by  ex- 
pofure  to  the  fiui! 

The  necefiity  of  freeing  gunpow- 
der from  all  its  moifture,  is  obvious 
from  the  following  experiment, which 
was  made  feme  years  ago  before  the 
Royal  Society.  A quantity  of  gun- 
powder was  taken  out  of  a barrel,  and 
dried  widi  a heat  equal  to  that  in 
which  water  boils ; a piece  of  ord- 
. nance 
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nance  wa^  charged  with  a certain  . ' 

weight  of  this  dried  powder,  and  the  , 

diftance  to'which  it  threw  a ball-  was  - 

« p, 

marked.  The  fame  piece  was  charg- 
ed  with  an  equal  weight  of  the  fame  i | 

kind  of  powder,  taken  oiit  of  the  fame  | 

barrel,  but  not  driedy  and  it  threw 
an  equal  ball  only  to  one  half  the'  , I 

diftance.  This  efiecd:  of  moifture  is  | 

fo  fenfible,  that  fome  officers  have 
affirmed,  that  they  have.feen  barrels' , 
of  gunpowder  which  was  good  in  the 
morning,  but  which  became  (by  at- 
trading,  probably,  the  humidity  of 
the  air)  good  for  nothing  indie  even- 
ing *.  In  order  to  keep  the  povvdec  i 

dry,,  by  preventing  the  accefs  of  the 
E 3:  aiiv 

^ n avoit  vwj  dans  les  guerres  d’" 

Italic,  quelques  barrels  dc  poiulre  qui  ctoli 
bonne  le  matin,  et  qui  ne  valoit  lien  le  foir.. 

Hill.  Not.  dc  rEfpngne,  p,.  82^ 
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air,  it  has  been  propofed  to  line  the 
barrels  v/ith  tin  foil,  or  with  thin 
Iheets  of  lead,  after  the  manner  in 
which  tea-boxes  are  lined*. — Would 
it  not  be  poffible  to  preferve  powder 
free  from  moifture,  and  from  the  lofs 
of  a part  of  its  fulphur  in  hot  cli- 
mates, by  keeping  it  in  glazed  earthen 
bottles,  or  in  bottles  made  of  copper 
or  tin,  well  corked  ? 

This  difpofition  to  attract  the 
humidity  of  the  air,  is  different  in 
different  forts  of  powder,  it  is  the 
leaft  in  that  which  is  made  from  the 
pureft  faltpetre ; pure  faltpetre,  which 
has  been  dried  as  gunpowder  is  dried, 
does  not  become  heavier  by  expo- 
fure  to  the  atmofphere  ; at  leafl,  its 
increafe  of  weight  is  very  fmall,  not 
amounting,  as  far  as  my  experiments 

have 

• Hift.  Nai.  dc  I’Efpag. 
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have  fnformed  me,  to  above  one  yid 
part  of  its  weight ; I rather  think 
that  it  does  not  acquire  any  increafe 
of  weight.  But  faltpetre  mixed  with 
fea  fait,'  attradls  the  humidify  very 
fenfibly  ; and  hence,  though  there 
ftrould  be  the  fame  weight  of  faline 
matter  in  a certain  weight  of  gun- 
powder, yet  the  goodnefs  of  th^  povy- 
der  may  be  very  variable,  not  only 
from  the  foreign  faline  matter,,  be  it 
fea  fait,  or  any  other  fait,  injuring 
the  quality  of  the  powder  as  being, 
an  improper  ingredient,  but  frona 
its  rendering  the  powder  more  liable 
to  become  humid. 

Saltpetre  being  the  ingredient  in 
which  there  is  the  greateft  room  for 
fraud  in  the  compofition  of  gtin* 
powder,  and  on  the  quantity  of  which 
hs  iVength  chiefly  depends,  the 

B 4 Header 
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reader  will  excufe  the  minutenefs  of 
the  following  procefs,  to  afeertain 
the  quantity  of  faltpetre  contained  ia 
any  fpecimen  of  gunpowder.. 

Take  any  quantity  of  gunpowder^ 
pound  it  in  a giafs  mortar  till  all  the  - 
grains  are  broken,  lay  it  before  a 
gentle  fire  till  it  be  quite  dry,  in  that 
Hate  weigh  accurately  any  quantity 
of  it,  fuppofe  4 ounces ; boil  thefe 
four  ounces  in  about  a quart  of  wa- 
ter, the  boiling  need  neither  be  vio- 
lent  nor  long  continued,  for  the  wa- 
ter will  readily  diffolve  all  the  falt- 
petre,  or  other  faline  matter,  and  not 
I a particle  of  either  the  fulphur  or  the 
charcoal  of  the  powder.  In  order  to 
feparate  the  water  containing  the 
faltpetre,  from  the  fulphur  and  char- 
coal, pour  the  whole  into  a filter 
made  of  brown  paper  j the  water 

con- 
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containing  the  faltpetre  will  riia 
through  the  paper,  and  mufl  be  care- 
fully preferved ; the  charcoal  and 
fulphur  will  remain  upon  the.  paper* 
But  as  fome  particles  of  faltpetre 
will  ftick  both  to  die  filtering  paper 
and  to  the  mafs  of  fulphur  and  char- 
coal, tliefe  are  to  be  repeatedly  wafli- 
cd,  by  pouring  hot  water  upon  them, 
till  the  water  in  running  through  the 
filter  is  quite  infipid ; then  we  may 
be  certain  that  we  have  all  the  fait- 
petre  originally  contained  in  the  pow- 
der, now  difTolved  in  the  water,  and 
all  the  fulphur  and  charcoal  remain- 
ing a mixed  mafs  upon  the  filter* 
Thefe  refpedive  quantities  may  be 
afcertained  without  much  difficulty. 
The  water  containing  the  diflolved 
faltpetre,  muff  be  evaporated  by  a 
gentle  heat ; the  faltpetre  cannot  be 

eva- 
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evaporated  by  the  fame  degree  of 
heat  which  evaporates  the  water,  ail 
the  faltpetrc  then  contained  in  the 
gunpowder  will  remain  after  the 
water  is  difperfed,  and  being  care- 
fully colleded  and  weighed,  it  v/ill 
fhew  the  quantity  of  faline  matter 
contained  in  the  powder.  Dry  the 
mafs’of  fulphur  and  charcoal,  by 
laying  the  filtering  paper  containing 
it  before  the  fire  ; it  fliould  be  made 
as  dry  as  the  powder  was  before  it  was 
diifolved  in  the  water : in  that  ftate 
weigh  the  faltpetre  and  charcoal;  and 
when  the  experiment  has -been  accu- 
rately made,  the  weight  of  the  falt- 
petre, added  to  that  of  the  mixture  of 
fulphur  and  charcoal,  will  juft  amount 
to  four  ounces,  the  weight  of  the 
powder.  The  quantity  of  faline  mat- 
ter contained  in  any  fpecimen  of 

gun- 
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gunpowder,  being  thus  afcertained, 
its  quality  may  be  known  by  diffolv- 
ing  it  in  water,  and  cryftallizing  it ; 
if  any  part  of  it  cryftallizes  in  little 
cubes,  it  is  a fign  that  it  contains 
Tea  fait ; or  if  any  part  of  it,  after 
being  duly  evaporated,  will  not  cry- 
flallize,  it  is  a lign  that  it  contains 
another  fort  of  impurity,  called  by 
faltpetre  makers,  the  mother  of  nitre ^ 
which  powerfully  attra<5ls  the  humi- 
dity of  the  air. 

The  gunpowder  marked  f f,  was 
analyzed  in  the  following  manner. 
Twenty-four  grains,  by  evaporating 
the  fulphur,  were  reduced  to  nine- 
teen*; thefe  nineteen  grains  gave,  by 
folution  in  water  and  lubfequent  fil- 
tration .and  cryftallization,  fixteen 
grains  of  faltpetre ; the  charcoal,  when 

properly  dried,  weighed  three  grains, 

Ac- 
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According  to  thefe  proportions,  100 
pounds  of  this  kind  of  gunpowder 
confided  of 

Saltpetre  66|. 

Sulphur  201- 

Charcoal  12^ 

100  lb. 

I tried  thTs  gunpowder  in  two  or 
three  other  ways  by  taking  larger' 
quantities  of  it,  but  the  quantity  of 
faltpetre  was  always  66  lb.  together 
with  feme  fractional  part  of  a pound,, 
from  100  lb.  of  gunpowder.  The 
powders  marked  with  a fingle  and  a- 
double  F,  differ  in  the  fize  of  the 
grain,  but  they  do  not  feem  to  differ,, 
as  far  as  I have  tried  them,  in  the 
quantity  of  the  faltpetre  they  contain. 
From  fome  forts  of  powder,  I have 
got  after  the  rate  of  76  lb.  of  falc- 
petre,,ffom  l oolb.  of  the  gunpowder. 

The 
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The  method  of  analyzing  gun- 
•powder,  by  evaporating  the  fulphur, 
is  not  wholly  to  be  relied  upon ; I 
have  often  obferved,  that  when  mix- 
tures of  fulohur  and  charcoal  have 
been  expoled  to  evaporation,  on  a 
plate  of  heated  copper,  the  remainder 
has  weighed  lefs  than  the  charcoal 
which  entered  the  compofrtion,  part 
ef  it 'having  been  carried  off  by  the 
violent  evaporation  of  the  fulphur  : 
and  hence  the  proportion  of  fulphur 
in  the  above  analyfis  is  probably  too 
great.  I am  aware  that  this  obferva- 
tion  is  wholly  oppofite  to  the  con- 
clufion  ofM.  Biume,  who  contends, 

I 

that  one  twenty-fourth  part  of  the 
weight  of  the  fulphur  employed  in 
any’  mixture  of  fulphur  and  char- 
coal, adheres  fo  ftrongly  to  the  char- 
coal, that  it  cannot  be  feparatcd  from 
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It  without  burning  the  charcoal.—^ 
I can  only  fay,  that  he  feparated  the 
fulphur  by  burning  it,  and  I feparat- 
ed  mine  by  fubliming  it  without  fuf- 
feting  it  to  take  fire  ; and  this  differ- 
ence in  the  manner  of  making  the 
experiment,  may  perhaps  be  fuffi- 
cient  to  account  for  the  different 
refults.  — But  it  is  unneceffary  to 
purfue  this  fubjedt  further ; there  are 
feveral  things  to  be  attended  to  ia 
forming  a complete  analyfis  of  gun- 
powder, which  any  perfon  tolerably 
well  verfed  in  chemiftry  would  cer- 
tainly take  notice  of,  if  the  analyfis 
of  any  particular  powder  was  requir- 
ed to  be  made,  and  which  cannot  in 
this  general  view  be  minutely  de- 
feribed  : and,  indeed,  it  is  the  lefs 
neceffary  to  enter  into  a detail  on 
this  fubjedf,  as  the  ftrength  of  the 
7 powder 
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^wder  is  not  much  affecfted  by  fmall  ‘ 

variations  in  the  quantities  of  the 

« 

fulphur  and  charcoal,  which  enter 
into  its  compolition  ; and  the  me- 
thod of  afeertaining  the  quantity  and 
quality  of  the  faltpetre,  in  any  par- 
' ticular  gunpowder,  has  been  fufii- 
ciently  explained. 

In  order  to  judge  with  more  cer- 
tainty concerning  the  effeeSV  of  fea 
fait,  when  mixed  with  faltpetre,  in 
attrading  the  humidity  of  the  air,  I 
made  the  following  experiment.  Five 
parts  of  pure  faltpetre  in  powder, 
were  expofed  for  a month  to  a moift 
atmofphere,  but  I did  not  obfer\"e 
that  the  faltpetre  had  gained  the  lead 
increafe  of  weight ; for  the  fame 
length  of  time,  and  in  the  fame  place, 
I expofed  four  parts  of  faltpetre 

mixed 
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l^aixed  with  one  of  common  fait,  and 
this  mixture  had  attracted  fo  much 
tnoifture,  that  it  was  in  a fbate  of 
iluidity^ 


i 
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OF  COMMON  SALT. 


COMMON  fak  is  a neutral  fait ; 

it  has  neither  an  acid  nor  an 
alkaline  take,  nor  does  it  change  the 
blue  colour  of  vegetables  into  a red 
as  acids  do,  nor  into  a green  as' al- 
kalies do.  It  con  fills  of  two  things, 
of  an  acid  peculiar  to  itfelf,  and  of 
the  alkali  which  is  feparable  from 
the  allies  of  marfli  famphire  and 
other  maritime  plants,  and  which 
VOL.  II.  C has 
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lias  been  denominated  the  mineral  or 
fojjile fixed'alkali.  The  foffile  alkali, 
as  was  obfervcd  of  the  vegetable  al- 
kali, when  the  manner  of  decom- 
pohng  faltpetrc  was  explained,  is 
more  powerfully  attradted  by  the 
acid' of  vitriol  than  by  the  acid  of 
common' fait;  hence  common  fait 
is  effecliially  decompofed  when  it  is 
diftilled  in  conJun6lion  with  the  acid 
of  vitriol,  for  this  acid  expels  the 
acid  of  common  filt  from  its  union 
with  the- mineral  alkali,  and  unites 
itfelf  with  it  in  its  ftead  : the  acid 
of  common  fait  being  thus  difen- 
gaged  from  its  bafis,  is  eafily,  by  the 
beat,  raifed  in  vapour,  and  forced  into 
the  receiver.  The  acid  of  common 
fait,  thus  obtained,  is  very  volatile, 
conftantly  emitting  white  fumes;  and 
it  is  ufually  called  the  marine  acid, 

the 
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the  Piuriatk  acid^  Glauber* s fuming  acid 
ox  fpirit  of  fait.  If  the  reader  pours 
a few  drops  of  very  flrong  acid  of 
vitriol  on  a fmall  portion  of  dry  com- 
mon fait,  he  will  fee  a white  vapour 
arifng  from  the  fait ; this  vapour  is 
the  mofl  volatile  part  of  the  acid  of 
the  fait,  and  a judgment  may  be 
formed  of  its  pungency  and  vola-  * 
tility,  from  its  prefently  infedling  the 
air  v/ith  its  fmell  to  a great  extent.' 
This  acid  vapour  is  a kind  of  air, 
for  it  retains  its  elafticity  for  fome 
time,  not  being  readily  condenfable 
by  cold.  It  has  engaged  the  atten- 
tion of  Dr.  Prieftley  ; and,  with  his 
accuftomed  ingenuity,  he  has  made 
feveral  experiments,  from  which  we 
learn,  that  this  vapour,  when  con-, 
denfed,  conftitutes  an  acid  which  is 
twice  as  heavy  as  rain  water,  and  that 

C 2 the 
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the  ftrongeft  acid  of  fait  may  be  cori- 
iidered  as  confifting  of  one  third  of 
this  elaftic  vapour,  and  of  two  thirds 
of  water  *,  After  the  extradion  of 
the  add,  which  is  one  of  the  confti- 
tuent  parts  of  common  fait,  there 
remains,  in  the  veffel  ufed  for  the 
diftillation,  a compound  mafs,  con- 
fifliincr  of  the  add  of  vitriol  united 
with  the  mineral  jitxed  alkali,  the  other 
condituent  part  of  common  fait 
this  is  proved  by  diTolving  the  mafs, 
and  cryftallizing  it,  for  the  cryftals 
are  precifely  the  fame  as  would  re- 
fult  from  a direct  combination  of  tht 
acid  of  vitriol  with  the  mineral  fixed 
alkali.  The  fait  refulting  from  a 
decompofition  of  common  fait,  by 
means  of  the  acid  of  vitriol,  or  from 
a dired  ' combination  of  that  acid 

with 
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with  the  mineral  alkali,  is  the  gemifit 
Glauber's  Jalt.  The  artificial  com- 
pofition  of  common  fait,  confirms 
the  account  we  have  given  of  its 
conftituent  parrs  from  its  analyfis, 
for  if  we  combine  the  acid  procured 
from  diflilling  common  fait  and  acid 
of  vitriol  together,  with  the  mineral 
fixed  alkali,  there  will  refuk  from 
their  union  a fait  in  all  refpefls  the  • 
fame  as  common  fait,  except  that  it 
will  be  fomewhat  more  pure  than 
common  fait , the  fait  thus  produced 
is  called  regenerated  Jalt, 

Common  fait  is  generally  diftin- 
guiflied  by  mineralogical  writers  in- 
to three  different  forts — fojfile  Jalt — 
Jprin.g  Jalt-—Jca  Jalt,  In  chemiftry, 
though  we  admit  this  divifion  as 
ferviceable  in  pointing  out  the  three 
general  fources  from  which  common 
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fait  is  moft  copioufly  derived,  yef 
we  reckon  all  thefe  falt-s,  when  purCy 
to  be  of  the  fame  fort ; they  are  all 
compofed  of  the  marine  acid^  and  of 
the  mineral  fixed  alkali, 

Fojfile  or  rock fait  is  found  in  large- 
beds  in  the  bowels'  of  the  earth,  in 
every  quarter  of  the  globe ; it  is- 
fometimes  cryftallized,  and  as  tranf- 
parent  as  a diamond, and  it  has  thence 
been  called  Jal  gemmee ; but  it  is  more 
frequently  found  in  irregular  mafles 
of  a red,  yellow,  or  blue  colour. 
There  are  feveral  mines  of  rock  fait: 
near  Northwich  in  Chepire',  the'firll 
of  which  was  difeovered,  as  they  were 
boring  for  coal,  in  the  year  1670 
The  fprings  which  are  met  with, 
both  above  and  below  the  level  of  the 
Northwich  bed  of  rock  £alt,  are 

(Irongly 
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{Irongly  impregnated  with  fait.  This 
is  eafily  accounted  for  j the  rain  wa- 
ter, in  finking  through  the  ground 
which  lies  over  the  rock,  fait,  at  laft 
arrives  at  the  fait  ; its  further  defcent 
is  in  a great  meafure  obftrudled  by 
the  folid  body  of  fait,  it  reds  upon  it, 
and  in  reding  upon  the  fait  it  dif- 
folves  it,  and  thua  conflitutes  a brine 
fpring  above  the  level  of  the  bed  of 
rock  fait.  The  brine  fprings,  which 
are  found  below  that  level,  probably 
arife  from  the  water,  which  has  dif- 
folved  a portion  of  rock  fait,  in  fink- 
ing to  that  depth  in  the  earth. 

I have  had  the  curiolity  to  go  to 

the  bottom  of  lomc  of  the  mod  fa-  , 

/ 

mous  mines  in  England  ; fuch  as  the 
copper  mine  at  Edton ; the  coal  mines 
at  Whitehaven  and  Ncwcadlc  ; the 
ciiimel  coal  mines  in  1 .ancaOiirei  and 
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a variet}^  of  lead  mines  in  Derbyfhire, 
and  other  places;  but  I never  thought 
my  labour,  in  thefe  fubterraneous 
expeditions,  fo  well  rewarded,  as  in 
the  fight  of  the  rock  fait  mines  at 
Northwich.  The  fait  mines  at  Wi~ 
liczka  near  Cracow  in  Poland,  have 
long  been  a fubjeft  of  admiration, 
and  every  traveller  has  exerted  his 
defcriptive  talents,  in  magnifying  the 
Itupendpus  wonders  which  are  there 
to  be  met  with.  Thefe  mines  have 
been  wrought  above  five  hundred 
years,  and  from  that  circumftance 
w'e  may  readily  imagine,  the  great 
number  of  vaft  caverns  which  have 
been  formed  in  confequence  of  the 
blocks  of  fait  which  have  been  an- 
nually extracted  : yet  it  deferves  to 
be  remarked,  that  the  Northwich 
rock  fait  mines  are  fuperior  to  thofe 

of 
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*'0f  Cracow,  with  refpedl  to  the  quan- 
tity of  fait  which  is  annually  raifed. 
The  hngle  pit  into  which  1 defcend- 
■ed  at  Norihwich,  yielded  at  a me- 
dium 4000  tons  of  fait  in  a year ; 
this  quantity  is  about  two  thirds  of 
that  which  is  raifed  every  year  in  the 
Polifh  mines  here  fpoken  of*. 

A great  quantity  of  rock  fait  is 
ufed  at  Northwich,  in  order  to 
flrengthen  their  brine  fprings,  and  a 
much  greater  quantity  is  fent  coafh- 
ways  to  Liverpool  and  other  places, 
where  it  is  ufed  either  for  ft'rength- 
ening  brine  fprings  or  fea  water; 
much  of  this  rock  fait  was  formerly 
exported  to  Holland,  and  it  is  ftill 
fent  to  Ireland  for  the  fame  purpofe. 
Rock  fait,  and  the  white  fait  which 

is 
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* See  Memoire  fur  les  Mines  dc  Sel  de 
Wicliczka  cn  Pologne,  in  Illft.  de  I’Acad.  dcs 
Seien,  a Par.  1762, 
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is  at  J^orthwicb,  chiefly  made  from 
rock  fait,  is  exported  free  from  the 
fak  duty ; and  I was  informed  that 
the  quantity  which  is  anaually  ex- 
ported from  Northwich,  is  fo  great, 
that,  if  it  paid  the  duty,  it  would 
bring  in  to  government  a fum  not 
much  fliort  of  four  hundred  thoufand 
pounds  a year.  “ According  to  the 
bePc  accounts  I have  been  able  to 
procure,  the  grofs  duty  on  fait  made 
in  South  Britain,  amounts  annually  to 
feven  hundred  thoufand  pounds*,” 
The  duty  on  fait  made  at  Northwich 
is  about  feventy  thoufand  pounds  a 
year,  or  a tenth  part  of  the  whole 
duty  “j-, 

. The 


Camp.  Sur.  of  Brit.  Voh  IT.  p.  26. 

•f  Since  I received  this  information,  an  ad- 
ditional duty  of  lod,  a bufliel  has  been  laid, 

in  1780,  on  fait.  The  whole  duty  now  amounts 
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The  North vvich  rock  fait  Is  never 
ufed  at  our  tables  in  its  crude  ftate  ^ 
and  its  application  to  the  pickling  or 
curing  of  fleQi  or  fiQi,  or  preferving 
any  provifions,  without  its  being  pre- 
vioufly  refined  into  white  fait,  that  is, 
without  its  being  diflblved  in  water,, 
and  boiled  down  into  what  is  called 
white  fait,  is  prohibited  under  a pe- 
nalty of  40s.  for  every  pound  of 
rock  fait  fo  applied.  The  putetranf- 
parent  malTes,  however,  of  rock  fait, 
might,  probably,  be  ufed  by  us  with 
our  food,  without  any  fort  of  danger 
or  inconvenience ; at  leaft,  we  know 
that  rock  fait  is  fo  ufed,  without  be- 
ing refined,  both  in  Poland  and  in 
ISpain.  In  the  laft  of  thefe  countries, 

at 

to  43.  2d,  the  bufliel,  the  bufliel  weighing  561b. 
The  makers  of  fait  can  afford,  In  moH  places, 
to  fell  their  fait,  exclufirc  of  duty,  from  8d. 
to  lod.  a bufhel. 
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at  Cordona  in  the  province  of  Catalog 
nia,  there  is  a folid  mountain  of  rock 
fait,  between  four  and  five  hundred 
feet  in  height,  and  a league  in  cir- 
cuit ; its  depth  below  the  furfaCe  of 
the  earth  is  not  known*.  This 
prodigious  mountain  of  fait,  which 
has  no  mixture  of  other  matter  with 
it,  is  efteemed  fo  fingular  an  appear- 
ance, that  it  is  thought  to  militate 
very  much  againft  the  opinion  of 
thofe,  who  would  derive  the  origin 
of  all  the  beds  of  rock  fait,  which 
are  found  under  the  furface  of  the 
earth,  from  the  evaporation  of  fait 
water,  left  in  fubterraneous  caverns, 
either  at  the  deluge,  or  upon  fomc 
more  local  commotions  of  the  globe. 

The 

* Hlft.  Nat.  de  I'Efpag.  p.  406.  See  an 
account  of  fimilar  mountains  of  rock  fait  in 
Shaw’s  Travels,  p.  229,  and  in  Pliny’s  Hift. 
Nat.  I.  xxxi.  c.  7. 
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The  quantity  of  rock  fait  which 
may  be  diffolved  in  a definite  quan- 
tity, fuppofe  a pint  or  1 6 avoirdu- 
pois ounces  of  water,  is  differently 
eflimated  by  different  authors..  Boer- 
haave  is  of  opinion,  that  i6  ounces 
of  wat-er  will  not  diffolve  quite  five 
ounces  of  rock  fait  Spehnann  thinks 
that  they  will  diffolve  6|-  ounces  ^ ; 
JVewmann  agrees  with  Spielmann  J ; 
Eller  fays,  that  feven  ounces  of  foflile 
fait  may  be  diffolved  in  i6  ounces  of 
\\  ater  § ; laflly,  Hoffmann  affures  us, 
that  1 6 ounces  of  water  will  not  dif- 
folve above  fix  ounces  of  common 
fait  II . I have  tried  this  matter  with 
diflilled  and  with  common  water, 

and 

* Chem.  Vol.  I.  p.  476. 
f Lift.  Chem.  p,  48. 

J Ncwmann’s  Chem.  by  Lewis,  p.  256, 

§ Obf.  Pliy.  Chem.  L,  ii.  Ob.  xtu 
II  Ber,  Mem,  1750. 
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^nd  in  various  degrees  of  heat,  and 
cannot  but  be  of  opinion,  that  Hoff- 
mann’s experiment  approaches  near- 
eft  to  the  truth  ; 1 never  could  dif- 
folve  q^uite  fix  ounces  of  rock  fait  in 
1 6 ounces  of  water.  It  is  not  wholly 
improbable  that  different  .forts  of 
rock  fait  may  differ  fomewhat  with 
refpeft  to  their  folubility  in  watei\ 

If  it  be  admitted  that  i6  ounces 
of  water  can  diffolve  fix  ounces  of 
fait  and  no  more,  then  vve  may  be 
certain  that  no  brine  fpring,  in  any 
part  of  the  world,  can  yield  fix  ounces 
of  fait  from  a pint  of  the  brine.  For 
brine  fprings  are,  ordinarily,  nothing 
but  water  in  which  foffile  fait  has 
been  diffolved  ; but  a pint  of  the 
ftrongeft  brine  cannot  contain  fo 
much  fait,  as  is  contained  in  a pint 
of  water  which  has  been  faturated 

with 
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wiih  fix  ounces  of  fait ; for  a pint  of 
water,  in  which  fix  ounces  of  fait  have 
been  diffolved,  is  increafed  a little  in 
bulk,  it  will  do  more  than  fill  a pint 
meafure,  and  the  fait  left  in  the  fur- 
plus  will  fliew  how  much  the  fait 
contained  in  a pint  of  the  flrongefl 
brine,  falls  fliort  of  fix  ounces.  Or 
we  may  confider  the  matter  in  the 
following  manner,  which  will,  per- 
haps, be  more  intelligible  ; i6  oun- 
ces of  water,  impregnated  with  fix 
ounces  of  fait,  conflitute  a faturated 
brine,  weighing  22  ounces:  if  there- 
fore we  would  know  how  much  fait 
is  contained  in  16  ounces  of  fuch 
brine,  by  the  rule  of  proportion  we 
may  argue,  that  if  22  ounces  of  brine 
contain  fix  ounces  of  fait,  16  ounces 
of  brine  will  contain  4 r-V  ounces  of 
fait.  Hence  we  may  infer,  that  the 

flrongefl 
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ftrongeft  brine  fprings  will  not  yield 
much  above  one  quarter  of  their 
weight  of  fait 

Dr.  Leigh,  who  firfl:  fliewed  the 
manner  of  refining  rock  fak,  informs, 
us,  that  fome  of  the  ftrongeft  fprings 
at  Northwich  gave  feven  or  eight 
ounces  of  fak  from  a quart  of  brine  ; 
but  a quart  of  brine  weighs  confider- 
ably  more  than  32  ounces,  the  weight 
of  a quart  of  water  ; fo  that  the 
Northwich  fprings,  from  this  ac- 
count, 

* “ Several  pits  at  Northivichy  and 

at  Barton  in  LancaJJjire , contain  no  lefs  than: 
fix  ounces  of  fait  upon  fixteen  of  brine  ; whick 
is  as  large  a proportion  of  fait  as  water  will 
diflblve.”  Newm.  Chem.  p.  212,  Lewis’s  note. 
The  author  here  is  fallen,  probably,  into  a little 
mlilake,  by  confounding  a pound  of  water 
with  a pound  of  brine  ; for  if  a pound  or  16 
ounces  of  water  will  only  diflblve  fix  ounces 
of  fait,  a pound  of  the  brine,  thus  fomaed,  will 
only  hold  ounces  of  fait. 
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'Count,  do  not  yield  a quarter  of  their 
weight.  At  Middlewich  there  is  faid 
to  be  one  fait  fpring,  which  is  ftronger 
than  the  reft  ; this  fpring  yields  a full 
fourth  part  of  fait  and  hence  it  is, 
probably,  fully  faturated.  We  have 
an  account  in  Kircher’s  works,  of 
fome  famous  brine  fprings  in  Bur- 
gundy, from  which  we  learn,  that 
one  hundred  pounds  weight  of  the 
llrongeft  brine  gave  25  pounds,  or 
juft  one  fourth  of  its  weight  of  white 
lalt 

There  are  a great  many  brine 
fprings  in  Chefoire,  Worcefterfoire, 
Staffordfhire,  Hamp/hire,  and  in  other 
parts  of  Great  Britain,  fome  of  which 
are  fufficiently  rich  in  fait  to  be 
wrought  with  profit,  others  not. 

From 

* Phllof.  Tranf.  No.  53. 
d Kirch.  Mun.  Sub.  Tom.  II.  Cap.  XI. 

VOL.  II,  D 
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From  what  has  been  before  advanced 
the  reader  will  readily  comprehend 
that  1 6 tons  of  the  ftrongeft  brine 
confift  of  12  tons  of  water^  and  of  4 
tons  of  fait ; and  that,  in  order  to  ob- 
tain thefe  4 tons  of  lalt,  the  12  tons 
of  water  muft  be,,  by  fome  means  or 
other,  evaporated,  fo  as  to  leave  the 
fait  in  a concrete  form.  Suppofe 
there  flioiild  be  a brine,  which  in  i6'- 
tons  flrould  contain  1510115  of  water,, 
and  only  i ton  of  fait yet  it  may 
chance  that  fuch  a weak  brine  may 
be  wrought  with  more  profit  than 
the^  ftrongefi: ; for  the  profit  arifing: 
froiii  the  boiling  of  brine  into  fait,, 
depends  as  much  upon  the  price  of 
the  fuel  ufed  in  boiling  it,  as  upon 
the  quantity  of  fait  which  it  yields.. 
Thus  the  fea  water,  which  furrounds 

the  coafts  of  Great  Britain,  is  faid  to 

hold 
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hold  feldom  more-than  one  thirtieth, 
or  lefs  than  one  fiftieth  part  of  com- 
mon fait ; but  fuel  is  fo  cheap  at 
Newcaftle,  that  they  can  evaporate 
thirty  or  forty  tons  of  water,  in  or- 
der to  obtain  one  ton  of  fait,  and  yet 
gain  as  much  clear  profit  as  thofe 
do,  who,  in  counties  lefs  favourably 
fituated  for  fuel,  boil  down  the 
ftrongefl  brine. 

The  advantage  refulting  from 
ftrengthening  weak  brine  or  fea  wa- 
ter, by  means  of  rock  fait,  is  very 
obvious.  Suppofe  that  the  fea  water 
at  Liverpool,  where  large  quantities 
of  rock  fait  are  refined,  would  yield 
I ton  of  fait  from  48  tons  of  water, 
then  mufl  a quantity  of  fuel  fuffi- 
cient  to  evaporate  47  tons  of  water 
be  ufed  in  order  to  obtain  i ton  of 
fait.  But  if  as  much  rock  fait  be 

D 2 put 
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pnt  into  the  48  tons  of  Tea  water,  as 
can  be  difiblved  in  it,  then  will  the 
fea  water  refernble  a brine  fully  fa- 
turated,  each  16  tons  of  which  will 
give  4 tons  of  fait,  and  the  whole 
quantity  yielded  by  the  evaporation 
of  47  tons  of  water,  will  be  12  tons 
of  fait. 

eln  warm  climates,  fuch  as  Italy, 
Spain,  and  the  fouthern  provinces  of 
France,  where  the  heat  of  their  fum- 

mer  is  fufficient  to  exhale  confldera- 

• 

ble  'depths  of  water  in  a little  time  ; 
they  prepare  large  quantities  of  what 
is  called  bay Jalt,  at  a very  fmall  ex- 
pence. Their  general  method  is  to 
feledt  a marlhy  fpot  of  ground,  com- 
municating by  fluices  with  the  fea, 
and  fufficiently  removed  from  frefli 
fprings,  and  the  mouths  of  large 
rivers.  In  this  ground  they  form 

ufually 
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iifually  three  pits  of  fmall  but  dif- 
ferent depths,  and  by  clay  and  tim- 
ber they  fecure  them  from  leaking. 
The  fea  water  is  let  into  the  firft  and 
deepeft  pit,  from  which  it  flows  flow- 
ly,  fo  as  to  give  the  mud  and  fand 
time  to  fettle,  through  the  fecond 
into  the  third,  where  it  is  foon  in- 
fpiflated  by  the  heat  of  the  fun  into 
a ftrong  brine.  This  brine  being 
ftill  further  evaporated  by  the  conti- 
nued adion  of  the  fun,  concretes  into 
cryftals  of  fait,  which  gradually  fink 
to  the  bottom  of  the  pit.  When  a 
proper  quantity  of  it  is  formed,  it  is 
drawn  out  for  ufe,  and  is  of  different 
colours,  according  to  the  colour  of 
the  clay  employed  in  making  the 
pits.  In  a favourable  feafon  the 
French  are  faid  to  be  able  to  make 
enough  of  bay  fait  in  a fortnight,  to 

D 3 ‘ flip- 
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fupply  their  home  confumption  for  a 
year,  and  the  wants  of  the  other  na- 
tions, who  purchafe  from  them  much 
more  than  is  confumed  in  France 
In  this  method  of  making  bay  fait, 
art  has  but  copied  nature : for  we 
read  in  Pliny,  Alonfo  Barba,  Shaw, 
and  others,  of  large  briny  lakes, 
which  are  evaporated,  in  many  parts 
of  the  world,  to  a perfe6t  drynefs  in 
fummer  time ; when  the  inhabitants 
cut  and  carry  away  as  much  fait  as 
they  have  occafion  for.  A remark- 
able lake  of  this  kind  was  met  with 
‘ by  Mr.’  Maflbn,  in  his  botanical  ex- 
curfions  from  the  Cape  of  Good  Hope^ 
“ Zzvari  Kop*'s  falt-pan  is  a lake  fe- 

veral 

* See  Dr.  Brownrigg’s  Treatife  on  the  Art 
of  making  common  Salt,  where  the  reader’s, 
curlofity  on  this  fubjedl  will  be  abundantly 
gratified. 
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veral  miles  diftant  from  the  Tea,  and 
upon  an  eminence.  'In  the  rainy 
' feafon  it  is  filled  with' frefh  water, 
which,  by  the  faltnefs  of  the  ground, 
foon  becomes  ftrongly  impregnated 
with  faline  particles ; and  when  the 
fummer’s  heat  exhales  the  frefh  wa- 
ter, the  bottom  of  the  lake  is  covered 
with  a cruft  of  pure  fait  two  or  three 
feet  thick.  The  lake  is  about  three 
miles  round,  and  furrounded  by  a 
rifing  ground  *.  . 

Though  it  appears  from  what  Dr, 
Brownrigg  has  faid  upon  this  fub- 
je6t,  that  we  might,  with  much  ad- 
vantage to  our  trade,  imitate  the 
French  in  their  manner  of  procuring 
bay  fait ; yet  moft  of  our  fait  is  pre- 
pared by  boiling  either  the  brine  of 
fait  fprings,  or  fea  water,  into  white 

D 4 . fait. 

♦ Philof.  Tranf.  1776,  p.  297, 
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fait.  In  Hampfhire,  and  fome  other 
counties,  they  have  a method  of 
heightening  the  fea  water  intoa  ftrong 
brine,  by  expofing  it  to  the  fun  in 
large  pits,  much  after  the  manner  in 
which  bay  fait  is  made;  and  fo  much 
of  the  fea  water  is,  by  this  means,, 
naturally  evaporated,  that  though 
they  boil  the  remainder  with  New- 
caftle  coal,  yet  they  can  afford  their 
fait  at  a lefs  price  than  the  New- 
caftle  fait  boilers  can  afford  theirs  ^ 
though  the  fea  water  is,  probably,, 
equally  impregnated  with  fait  at  botla 
places. 

The  greatefl:  difficulty  which  at- 
tends the  making  of  bay  fait  in  Great 
Britain,  arifes  from  the  heat  of  our 
fummer  not  being  Efficiently  ftrong 
to  evaporate  a great  quantity  of  fea 
,water  in  a fmall  portion  of  time.  I 

will 
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will  mention  an  experiment  or  two, 
which  fuggefted  a hint,  that  may 
not,  perhaps,  be  unferviceable  to 
thofe  who  fhall,  in  future,  be  dif- 
pofed  to  attempt  the  making  of  bay 
fait. 

I took  a piece  of  coarfe  linen  cloth, 
its  area  was  a fquare  yard,  and  having 
thoroughly  wetted  it  wdth  water,  but 
not  fo  much  as  to  caufe  it  to  drip,  I 
weighed  it,  and  in  that  wet  ftate  ex- 
pofed  it  to  a warm  fun  in  June,  when 
there  happened  to  be  but  little  wind; 
it  was  not  laid  upon  the  ground,  but 
held  oppofite  to  the  fun,  fo  that  the 
air  and  fun  had  a free  accefs  to  every 
part  of  it;  it  became  nearly  dry  in 
an  hour,  and  in  that  fpace  of  time  it 
had  loit  eight  ounces  of  its  weight. 
— Upon  another  occafion,  when 
there  was  a bright  fun  and  a brifk 

wind. 
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wind,  on  an  April  day,  a fimllar  ex- 
periment was  made ; and  the  cloth 
loft  after  the  rate  of  6 ounces  in  one 
quarter  of  an  hour  ; hence,  if  it  had 
been  kept  conftantly  wetted,  it  would 
have  loft  in  i6  hours  24  pounds ; a 
pound  of  water  is  equal  to  a pint  in 
meafure,  and  therefore  we  may  infer, 
that  in  a fummer  day  of  16  hours  in 
length,  24  pints,  or  three  gallons  of 
water  may  be  difperfed  into  the  air, 
by  a warm  fun  and  a briik  wind,  from 
the  furface  of  a linen  cloth,  equal  to 
one  fquare  yard. 

ISlow  it  is  very  poflible,  in  any 
place  where  bay  ialt  is  made,  to  de- 
vife  means  of  wetting  and  drying  al- 
ternately any  number  of  fquare  yards 
of  coarfe  cloth ; one  labourer,  afliftcd 
by  proper  mechanical  contrivances, 
might  be  equal  to  the  daily  manage- 
S ment 
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ment  of  a thoufand  yards  or  more. 
By  this  plan,  in  favourable  weather, 
there  would  be  daily  evaporated 
twenty-four  thoufand  pounds  of  wa- 
ter, which,  fuppofing  fea  water  to 
contain  one  thirty- fecond  part  of  its 
weight  of  fait,  would  give  7 50  pounds 
of  fait.  Thofe  who  have  feen  the 
artifice  of  ftrengthening  brine,  which 
is  pradlifed  in  Franche-Comte^  and 
othe'f  places,  by  making  it  drip 
through  faggots,  in  order  that  the 
evaporation  may  be  increafed,  by 
increafing  the  furface  of  the  water 
which  is  expofed  to  the  air,  will  not 
be  furprifed  at  the  method  of  evapo- 
rating water  here  hinted  at. 

Though  the  conftituent  parts  of  ” 
common  fait,  when  free  from  all  he- 
terogeneous mixtures,  are  probably 
the  .fame  in  every  part  of  the  world, 

yet 
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yet  in  the  ordinary  ftate  in  which  it 
is  met  with,  it  is  found  to  have  very 
different  qualities,  and  may  properly 
• enough  be  divided  intodifferent  forts. 
Bay  fait  differs  in  fome  of  its  pro- 
perties from  the  white  fait,  prepared 
by  boiling  brine  or  fea  water ; and 
both  the  bay  fait  and  the  boiled  fait 
have,  refpecfively,  different  qualities, 
according  as  they  are  prepared  at 
(different  places.  There  are  two  ge- 
neral reafons  of  this  diverfity  ; one 
refpedls  the  manner  of  preparing  the 
fait,  the  other  refpeds  the  quality 
of  the  water  from  which  the  fait  is 
prepared.  When  fea  water  or  brine 
is  boiled  into  fait,  a portion  of  the 
' acid,  which  is  one  of  the  conftituent 
parts  of  the  fait,  is  difperfed  ; and 
a greater  or  lefs  portion  is  difperfed, 
according  as  the  fait  has  been  formed 
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\v'ith  a greater  or  lefs  degree  of  heat. 
Y\  e have  an  inftance  of  this,  both 
in  bay  fait  when  compared  with 
boiled  fait,  and  in  the  different  forts 
of  boiled  fait  when  compared  with 
each  other.  Bay  fak  is  prepared 
from  fea  water,  by  the  mild  heat  of 
the  fun,  and  it  is  generally  efleemed 
much  ftronger  than  the  white  fait, 
which  is  prepared  likewife  from  fea 
water  by  boiling  the  fea  water.  At 
Morthwich,  and  in  other  places,  they 
prepare  from  brine,  not  only  the  or- 
dinary white  fait,  but  a fait  whofe 
cryflals  are  much  larger  than  the 
ordinary  fait,  and  which  is  ufually 
called  fliivery  fait.  This  fliivery  fait 
is  effeemed  ftronger  than  the  other, 
and  it  is  formed  by  a milder  heat ; 
for,  in  forming  the  ordinary  fait,  the 
brine  is  kept  gently  boiling  ; but  in 

forming 
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forming  the  large-grained  Ihivery 
fait,  they  let  the  brine  cool  till  they 
can  bear  to  put  their  hands  into  it, 
and  keeping  it  in  that  Hate,  as  near 
as  may  be,  from  Saturday  night  to 
Monday  morning,  the  fhivery  fait  is 
gradually  formed.  Sea  water,  bnne 
fprings,  and  rock  fait,  generally  con- 
tain, befides  common  fait,  various 
other  earthy  and  faline  ingredients, 
fuch  as  the  calcareous  earthy  from 
which  filh  fliells  are  probably  form- 
ed;— the  earth  called  magnefia', — 
Epfom  JaltSy  or  the  fait  refulcing  from 
the  combination  of  the  acid  of  vitriol 
with  magnefia  — SeleniteSy  or  the  fait 
refulting  from  the  combination  6f 
the  acid  of  vitriol  with  the  earth  of 
the  nature  of  filh  fliells ; — Glauber^ s 
Jalt', — ‘fixed  alkali  untombined  with 
any  acid,  &c.  Sometimes  all  thefe 

hetero- 
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heterogeneous  fubftances,  and  Tome- 

times  only  a few  of  them,  are  found 

in  the  waters  from  which  common 

fait  is  prepared  ; they  are  all  of 

them  foreign  to  the  nature  of  the, 

fait,  and  injure  its  quality ; and 

« ( 

hence  we  may,  without  difficulty, 
comprehend  that  common  fait  may 
have  very  different  properties,  ac- 
cording to  the  quality  of  the  water 
from  which  it  is  made,  or  the  Ikill , 
of  the  fait- maker  exerted  in  feparat- 
ing  thefe  mixtures  from  it.  The 
Dutch  have  long  been  famous  for 
preparing  a fait  for  the  pickling  of 
herrings,  by  which  they  have  ac- 
quired a fuperiority  in  that  article  of 
commerce  over  all  other  European 
nations.  Their  principal  fecret  in 
this  bufinefs  confifts  in  evaporating 
the  brine  made  from  the  folution  of 

bay 
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bay  fait  with  the  gentleft  fire,  and 
in  mixing  with  the  brine  a proper 
quantity  of  very  Jour  whey  ; the  acid 
whey  unites  itfelf  with  the  uncom- 
bined fixed  alkali  before  mentioned, 
and  thus  prevents  it  from  adhering 
to  the  common  fait  as  it  cryftallizes. 
Any  other  mild  acid  might  probably 
anfwer  the  fame  purpofe’.  This  acid 
whey  is  called  azy  : les  Hollandois 
fe  fervent  de  Vazy  dans  le  travail  en 
grand  pour  raffiner  nos  fels  de  mer, 
et  pour  en  rendre  la  criftallifation 
parfaite  : c’efi;  par  cet  artifice  qu’ils 
font,  depuis  long-temps,  en  polTef- 
fion  de  fburnir  les  meilleures  falai- 
fons  de  I’Europe 


* Hift.  de  I’Acad.  de  Sclen.  1762.  Dr, 
Brownrigg  had  mentioned  this  fecret  of  the 
Dutch  above  30  years  ago,  in  his  excellent 
treatife  before  referred  to.  The  reader  will 

meet 
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with  an  accurate  examination  of  the  va- 
rious ingredients  with  which  common  fait,  and 
the  waters  from  which  it  is  made,  are  impreg- 
nated, in  Baume’s  Chem.  vol.  iii,  p.  512. 
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ESSAY  III. 


‘ OF  COMMON  SALT  AND  NITRE  AS 

Manures. 


fait,  in  the  earlieft 
ages  of  the  world,  was  fo  far 
from  being  held  in  any  eftimation  ‘ 
as  a manure,  that  it  was  looked 
^pon  as  a fymbol  of  extreme  fterility..  ^ 
f-ong  before  the  commencement  of 
profane  hiftory,  Ahimelech  took  the 
City  ShecheiTij,  ^u^'Jlew  the  "people  that 
therein^  andheat'down  the  city,  and 
(med  it.  with /alt*  intimating  there- 
by. 


*'  Judges  Ix.  45,. 
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by  his  wifh  that  it  might  remain  un- 
fruitful and  uninhabited  for  ever. 

It  dees  not  appear  from  hiftory, 
what  circumftance  gave  rife  to  this 
cuflom,  or  whether  Abimelech  was 
the  firft  perfon  who  introduced  it ; 
but  it  has  prevailed  very  generally 
among  mankind  even  to  the  pre- 
fent  age,  it  being  ftill  ufual  to  raze 
the  houfes  of  rebels  and  traitors, 
and  to  fprinkle  the  ground  upon 
which  they  flood  with  filt.  Perhaps 
this  general  fymbolical  ufe  of  fait, 
might  be  derived  from  what  had 
happened  Sodom  was  deftroyed, 
and  the  Jalt  Jea  was  formed.  This 
conjedlure  is,  in  fome  mcalure,  fup- 
ported  by  obferving,  that  the  fevertft 
denunciations  of  divine  vengeance 
are  frequently  exprefled  by  an  allu- 
fion  to  that  event — Moah  Jhall  he  as 

Sodomy 
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^Sodom,  and  the  children  of  Ammon  as 
Gomorrah,  even  the  breeding  of  nettles, 
and  fait  pits,  and  a perpetual  defola^ 
iion  * . J^he  whole  land  thereof  is  brim- 
fione,  and fait,  and  burning,  that  it  is 
not  fown,  nor  any  grafs  groweth  there- 
in, like  the  overthrow  of  Sodom 

Virgil  reprobates  a fait  foil,  as  oc* 
cafioning  the  degeneration  of  fruit 
trees,  and  admitting  no  melioration 
from  ploughing. 

Salt  earth  and  bitter  are  not  fit  to  fow, 

Nor  will  be  tam’d  or  mended  with  the 
plough. 

Sweet  grapes  degenerate  there,  and  fruits, 
declin’d  / 

From  their  firfl  flav’rous  tafte,  renounce 
their  kind 

jPlinyy. 

* Zephaniah,  ii,  g. 
f-  Deuteron,  xxix.  23. 
f Virgil's  Georg.  1.  2.  Dr)'d.. 
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'Plifiy,  though  he  recommends  the 
giving  of  fait  to  cattle,  yet  in  fpeak- 
ing  of  foflile  fait,  he  exprefsly  affirms, 
that  every  place  in  which  it  is 
found,  is  barren  and  unfit  for  vege- 
tation 

Notwithflanding  thefe  and  other 
teftimonies  of  the  ancients  concern- 
ing the  flerilizing  quality  of  common- 
fair,  yet  it  is  frequently  ufed  as  a 
manure  with  great  fuccefs.  Jt  has 
been  the  cuftom,  ever  fince  the  time 
of  Henry  the  Third  at  leaft,  for  the 
farmers  on  the  Co7TiJh  coaft  to  ma- 
nure their  lands  with  fea  fand,  in 
which  fea  fait  is  fo  copioufly  mixed,' 
that  in  many  places  it  ufed  to  be 
extracted  from  a lye  made  of  fand. 
When  the  ffind  has  been  long  cx- 
pofed  to  the  air,  it  proves  lefs  ufeful 

and 


Hlfl.  Nat.  Ltt  xxxl.  c.  7. 
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and  enriching,  which  is  by  Tome  at- 
tributed to  its  having  been  deprived 
of  a good  part  of  its  fait,  by  the  dews 
and  rains  It  may  be  obferved, 
that  this  fand  is  of  two  kinds,  Ibelfy 
and  (belly ; the  fhelfy  is  produced 
from  the  grating  of  (lones  one  againft 
another,  by  the  conftant  wafli  of  the 
fea,  and  is  of  little  value ; its  qua- 
lity, however,  will  be  different  in 
different  countries,  according  to  the 
nature  of  the  ftones  expofed  to  the 
agitation  of  the  fea;  if  the  flones  hap- 
pen to  be  of  the  limeftone  kind,  even 
the  (belfy  fand  may  be  very  fervice- 
able;  if  the  ftones  principally  confift 
of  dint,  as  at  Yarmouth,  and  other 
parts  of  the  Norfolk  coaft,  the  fand 
will  differ  very  little  from  powdered 
dints.  The  (belly  fand  in  Cornwall 

is 

* Camden*!  Britan.  Corr.w. 
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is  produced  by  the  fame  fludustiort 
of  the  fea,  as  the  flinty  fand  in  Nor- 
folk ; it  confifts  of  the  broken  fliells 
of  mufcles,  cockles,  oyfters,  fcollops, 
and  other  fifli.  This  fand  varies 
fomewhat  in  colour  and  in  grain,  ac- 
cording to  the  fubftances  from  which 
it  is  formed,  and  the  degree  of  agi- 
tation it  has  been  expofed  to,  and 
it  is  found  to  fertilize  almofl;  all 
kinds  of  foils  This  pradlice  of 
manuring  lands  with  fea  fand,  has, 
within  thefe  few  years,  been  intro- 
duced with  great  fuccefs  in  other 
parts  of  Great  Britain. 

The  CheJIjtre  farmers  purchafe  no 
inconfiderable  quantity  of  refufe  fait 
from  the  fait  boilers;  they  mix  it  with 
dung,  and  it  makes  an  excellent  ma- 
nure. This  refufe  fak  cofts  them 

eight- 


* Phllof.  Tranf.  No.  113. 
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cightpence  a bufhel,  there  being  % 
duty  6f  fourpence  a bufhel  impofed 
on  it.  When  the  demand  for  this  re- 
fufe  fait  is  very  great,  the  fait  boil- 
ers have  a cuftom  to  mix  a quantity 
of  foot,  or  other  impurity,  with  the 
ordinary  fait,  and  it  then  comes  un- 
der the  denomination  of  refufe  fait ; 
there  were  fold  a few  years  ago  at- 
Northwich  alone,  near  3000  tons  of 
it  in  one  year,  for  the  ufe  of  the  farm- 
ers in  that  and  other  counties.  On 
the  other  hand,  when  the  foil  abounds; 
with  rufhes  and  weeds,  it  is  cuftomary 
in  Chefhire,  to  lay  a quantity  of  rock 
fait  upon  it,  as  it  is  found  utterly  ta 
deftroy  every  vegetable.  Hence  iti 
(hould  feem,  that  fait,  when  ufed  in 
fmall  quantities,  is  a good  manure, 
and  when  in  large  ones,  a real  poifon 
to  vegetables.  Some  of  the  African 

and 
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and  Arabian  deferts  are  thought  to 
be  barren  by  their  having  too  much 
fait  in  them ; whilft  many  parts  of 
Barbary  are  reckoned  to  be  pecu- 
liarly fruitful,  from  their  containing 
a lefs  quantity  of  it 

Sir  John  Pringle  has  obfervcd,  that 
common  fait,  when  ufed  in  fmall 
quantities,  as  one  ounce  to  twelve, 
accelerates  the  putrefadlion  of  ani- 
mal fubftances,  when  in  larger  it  re- 
tards it ; and  hence  he  deduces  its 
utility,  in  affifting  the  organs  of  di- 
geftion  in  man,  and,  perhaps,  in 
other  carnivorous  animals  f.  The 
fame  obfervation  may  be  extended 
to  graminivorous  animals ; they  arc 
all  exceedingly  fond  of  fait,  probably 

from 

* Brownrigg  on  Salt,  p.  159. 

^ Obferv.  on  the  Difeafes  of  the  Army,  by 
Sir  J;  Pringle,  Ajppcn.  xxxlx. 
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from  its  great  tendency  to  corrupt 
- the  aliment,  and  to  render  thereby 
its  dilcharge  from  the  (lomach  into 
the  inreftines,  more  eafy  and  expe- 
ditious.' 

In  like  manner,  fair,  when  applied 
as  a manure,  in  fmall  quantities,  is 
■ found  to  be  very  beneficial ; not  pro-  ^ 
bably  from  its  entering  as  an  aliment 
into  thefubftance  of  vegetables,  fince 
there  are  many  experiments  tending 
to  prove  that  no  kind  of  fait  can  of 
iifelf  become  the  food  of  plants  *, 

but 

* "Wallerius  exprefsly  fays — Les  fels,  de 
quelle  efpecc  qu’  Ils  foient,  ne  peu’vtnt  pas 
fervir  de  nourrhure  aux  plant es,  ni  a vancer  par 
rux-memts  la  vegetation  ; and  after  quoting  the 
experiments  of  Kraftius,  Alfton,  and  Bonnet, 
on  the  fubjeft,  and  examining  the  argn- 
tnents  on  the  oppofite  fide  of  the  queftlon, 
.lie  concludes  the  inquiry  in  the  following 

words  : 
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but  from  its  efficacy  in  reducing 
weeds,  dried  herbage,  dead  roots, 
&c.  into  a putrid  oily  mafs  ; the 
frudtifying  virtue  of  oily  compofts 
being  now  generally  acknowledged  i 
but  when  it  is  ufed  in  a larger  pro- 
portion, by  preferving  thefe  matters, 
from  corruption,  and  drying  up  or 
hardening  the  fibrous  capillaries  of 
the  roots,  fo  that  they  become  unfit 
for  fucking  in  nutriment,  the  ferti- 
lity 

words: — D’ou  nous  eoncluons  que  les  fels 
mineraux,  ni  les  fels  etrangers,  ni  les  terres- 
min(^rales,  ne  contribuent  point  a la  nourri- 
ture  des  vegetaux.  Elemens  d*Agriculture 
traduits  du  Liatin  de  M.  Wallerius.  Yverden, 
1766,  p.  I J4,  &c.  or  an  Englifli  tranflation  of 
the  fame  work,  by  John  Mills,  Efq.  F.  R. 
London,  1770.  See  alfo  the  Principles  of 
Agriculture  and  Vegetation,  by  Dr.  Home 
and  the  Elements  of  Agriculture,  by  Dr.  G.. 
Ford}’ce,  > 
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lity  of  the  ground  is  diminifhed,  or 
wholly  deftroyed. 

As  to  the  fertility  of  lands  over- 
flowed by  fea  water,  it  may  be  in 
part  owing  to  the  flime  and  mud 
left  by  it,  and  partly  to  the  fait  con- 
tained in  it,  which,  being  in  a fmall 
quantity,  may  contribute  to  the  pu- 
trefadlion  of  the  effete  vegetable 
roots,  and  the  confequent  produdion 
of  an  oily  compofl. 

With  refped  to  nitre  as  a manure, 
k is  an  opinion  entertained  by  farm- 
ers, that  fnow  fertilizes  the  lands 
upon  which  it  falls,  more  than  rain, 
in  confequence  of  the  nitrous  falts 
which  it  is  fuppofed  to  acquire  by 
freezing.  Falfe  philofophy  firfl  gave 
rife  to  this  idea  and  poetry  has 

con- 

* Gaflend.  Phyf.  fee.  ili.  1.  ii.  The  ex- 

i Hence 


contributed  to  fpread  the  general 
error. 


— — Oh  ! may’ft  thou  often  fee 
Thy  furrows  whiten’d  by  the  Woolly  rain 
Nutritious,,  fecret  nitre  lurks  within 
The  porous  wet,_^quick’ning  the  languid 
glebe. 

Philips. 

What  art  thou  frofi;  ? — — 

Is  not  thy  potent  energy,  unfeen 
Myriads  of  little  faJtSf  or  hook’d  or  ftiap’d 
tiike  double  wedges,  and  diffus’d  immenfe 
Thro*'  water,,  earth,  and' ether  ? 

Thompson.. 

The. 

iftence  of'  nitre  in  fnow,  and  the  fertilizing' 
quality  of  falls,  were  fo  generally  admitted  in 
the  laft  century,  that”  philofophers  feem  to 
have  been  at  no  pains  to  prove  either  of  them, 
w— On  yist/V  que  la  neige  contient  beaucoup  dc 
parties  nitreufes^  et  que  les  feh  contribuent' 
beaucoup  a \tfecondite  des  terres.  Aftes  dor 
Copenhagne,  Colled,  Acad,  vol,  vi,  p.  195. 
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The  ancients  were  acquainted  with' 
the  fertilizing  quality  of  fnow,  and 
though  they  did  not  very  intelligibly 
explain  its  mode  of  operation  in  pro- 
moting vegetation,  yet  it  is  remark- 
able, that  the  fuppofition  of  faline- 
corpufcles  made  no  part-  of  their 
illuflration  of  that  matter  *.  It  is> 
not  here  intended  to  deny  the  ferti-" 
lizing  virtue  of  fnow,  but  to  fhew 
that  it  probably  does  not  proceed- 
from  the  nitre  contained'in  it;  ia 
fupport  of  this  opinion,  I will  men- 
tion two  of  the  mod  accurate  expe- 
riments which  have  probably  ever 
been  made  on  the  fubjeft. 

Marggraafi  in  the  year  1751,  col- 
leded  in  the  fuburbs  of  Berlin,  as 
much  fnow  as,  when  melted,  afford- 
ed him  one  hundred  meafures  of 

water, 

^ Plln.  Hlft.  Nat.  1.  xvli.  c.  2. 
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water,  each  meafure  containing 
thirty  fix  ounces  *.  He  collecfted  the 
fnow  in  ,an  open  fituation,  in  clean 
glafs  vefiels,  after  the  atmofphere 
was  purified,  by  its  having  fnowed 
fbme  time ; in  fhort  he  ufed  every 
poflible  precaution  to  procure  the 
fnow  free  from  every  extraneous  im- 
purity. The  nitrous  or  other  falts 
contained  in  the  fnow  as  it  fell  upon 
the  ground  were,  no  doubt,  dififolved 
in  the  water  after  the  fnow  was  melt- 
ed ; and,  in  order  to  afeertain  their 
quantity  and  quality,  nothing  more 
was  requifite  than  to  diflipate,  by 
evaporation  or  diftillation,  the  water 
in  which  they  were  diffolved.  From 
thefe  hundred  meafures  of  fnow  wa- 
ter he  obtained,  by  diftilling  it  with 
every  fuitable  attention,  6o  grains, 

' not 

* Opuf.  Chy,  vol.  ii. 
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iK)t  of  nitre ^ but  of  calcareous  earit:,^ 
together  with  fome  grains,  he  does 
not  mention  the  exad  number,  of 
the  acid  of  Tea  fait,  impregnated  with 
a nitrous  vapour. 

The  fame  quantity  of  rain  water, 
coIle(5led  in  the  winter  months  with 
equal  precaution,  and  dillilled  with 
equal  attention,  yielded  lOo  grains, 
not  of  nitrcy  but  of  calcareous  earthy  ' 
with  fome  grains  of  the  acids  of  nitre 
and  fca  fait  *, 

The 

* Toutc  In  difference  done  entre  T'eaii  de 
pluie  et  I’cau  de  neige  n’  eff  d’  aucune  impor- 
tance, et  fe  redult  ii  ce  que  1’  acide  de  1’  cau 
de  pluie  eft  pins  uitreiix,  et  qd^  clle^renferme 
plus  dc  terre  calcaire,  au  lieu  que  1’  eau  de' 
neige  a plutdt  un  acide  marht  que  nilreuxy  et 
«onticnt  une  moindre  quantitc  de  terre  cal- 
•aire.  Opnfciilcs  Ci'.ymiqucs,  vol.  Ii.  p.  21. 
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The  author  infers  from  thefe  ex- 
periments, that  the  chemical  differ- 
ence between  rain  and  fnow  water  is 
exceedingly  fmall ; but  that  the  lat- 
ter, however,  is  fomewhat  lefs  ni- 
trous, and  contains  a fomewhat  lefs 
proportion  of  earth  than  the  former. 
But  neither  of  them  contains  either 
earth  or  any  kind  of  fait  in  any  quan- 
tity, which  can  be  fenfibly  efficaci- 
ous in  promoting  vegetation. 

Suppofc  an  acre  of  land  to  be,  at 
any  one  time,  covered  with  fno-w  to 
the  depth  of  fix  inches ; and  that 
this  fnow  would,  when  melted,  be 
reduced  in  magnitude  a fixth  part, 
or  that  it  would  cover  the  land  with 
water  to  the  depth  of  one  inch  ; then 
might  it  be  made  appear,  by  a very 
eafy  calculation,  that  allowing  6o 
grains  of  calcareous  earth  to  every 

28  gal- 
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28  gallons  and  one  pint  of  water, 
according  to  the  proportion  of  the 
foregoing  analyfis-,  the  whole  of  the 
earth  left  upon  the  acre  from  the 
evaporation  of  the  fnow  water,  would 
not  amount  to  ten  pounds  in  weight ; 
■nor  the  faline  part  to  above  a few 
ounces.  Now  it  is  very  improbable 
that  four  or  five  ounces  of  any  kind 
of  fait,  when  fpread  over  an  acre, 
Ihould  produce  any  fenfible  efTecfl  in 
fertilizing  the  ground.  And  if  we 
fuppofe  the  land  to  be  fo  often  co- 
vered with  fnow  in  the  courfe  of  k 
year,  that  the  fait  left  upon  it  would 
amount  even  to  a pound,  yet  the 
difficulty  would  flill  recur,  fmce 
even  a pound  of  fait  reduced  to  an 
uniform  pellicle,  and  fpread  over  an 
acre  of  land,  would  not  much  ex- 
ceed in  thick nefs  the  four  hundred 

2 thou- 
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tiioufandth  part  of  an  inch.  So  that 
if  it  fhould  be  admitted  that  nitre  is 
a fertilizer  of  land,  which  many  are, 
upon  good  grounds,  difpofed  utterly 
to  deny,  yet  fo  very  fmall  is  the 
cjuantity  of  it  contained  in  fnow, 
that  it  cannot  be  fuppofed  to  pro- 
mote the  vegetation  of  plants  upon 
which  the  fnow  has  fallen. 

The  peculiar  agency  of  fnow  as  a 
fertilizer,  in  preference  to  rain,  may 
admit  of  a very  rational  explanation, 
without  having  recourfe  to  any  ni- 
trous falts  which  it  has  been  fup- 
pofed to  contain.  There  are  two 
caufes  conftantly  acting  upon  the 
furface  of  the  earth,  one  of  which  is, 
generally  fpeaking,  uniform  in  its 
llrength  vvith  refpedt  to  the  produc- 
vtion  of  heat ; the  other  is  variable. 
The  internal  fubltance  of  the  earth 

is 
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is  heated  uniformly,  by  Tome  prin- 
ciple or  other  which  we  do  not  well 
underfland,  to  the  48th  degree  of 
Fahrenheit’s  thermometer  j.  this  de- 
gree of  heat  is  greater  than  that  in 
which  the  watery  jukes  of  vegetables 
freeze,  and  it  is  propagated-  from 
the  inward  parts  of  - the  earth  to  the 
furface  on  which  the  vegetables 
grow.  The  atmofphere  being  vari- 
ably heated,  by  the  variable  aftiont- 
of  the  fun  in  different  climates,  and 
in  the  fame  climate  at  diiTerent  fea- 
fons,  communicates  to  the  furface 
of  the  earth,  and  to  fome  diftance 
below  it,  the  degree  of  heat  or  oold 
which  prevails  in  itfelf.  Different 
vegetables  are  able  to  preferve  life 
under  different  degrees  of  cokV;  but 
all  of  them  periQi,  whem  the  cold 
which  reaches  their  roots  is -extreme-. 

F 3 Provk, 
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Providence,  in  the  coideft  climates^ 
has  provided  a covering  for  the  roots- 
of  vegetables,  by  which  they  are  pro- 
te6led  from  the  influence  of  the  at- 
mofpherical  cold;  that  covering  is 
Jnow,  Even,  in  our  climate  we  often 
fee  fhrubs,  and  other  fmall  vegetables, 
killed  by  the  feverity  of  a froft, 
'when  it  is  unaccompanied  with  fnow, 
which,  had  there  been  eight  inches, 
or  a foot  of  fnow  upon  the  ground, 
•would  have  remained  unhurt.  The 
fnow  keeps  in  the  internal  heat  of 
the  earth,  and  it  does  not  permit  the 
cold  of  the  atmofphere  to  penetrate 
through  its  fubflance,  and  on  both 
thefe  accounts  it  keeps  the  roots  of 
the  vegetables,  comparatively  fpeak- 
ing,  warm ; a kind  of  vegetation  is 
carried  on  under  its  furface,  which 
(hews  itfelf  by  the  very  rapid  increafe 

which 
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NV’hich  plants  of  all  kinds  acquire  in 
cold  countries,- as  Toon  as  the  cover- 
ing of  fnow  is  removed  by  the  ap- 
proach of  fpring.  Thofe  who  are 
fond  of  making  oil  the  food  of  plants, 
may  derive  part  of  the  utility  of  - 
fnow  in  fertilizing:;  the  earth  from 
the  oily  particles  which  it  contains  ; 
for  not  only  the  refidue  which  was 
obtained  from  the  diftillation  of  fnow 
water,  had  a brown  colour  proceed- 
ing from  fome  oily  particles,  but  it 
is  very  commonly  obferved  that 
fnow,  as  it  thaws,  becomes  dirty; 
and  this  dirty  appearance  i-s  probably 
enough  referred  to  fome  particles  of 
an  oily  or  a mucilaginous  fubflance 
contained  in  it.  Snow,  moreover, 
in  melting,  moihens  and  pulverizes 
the  foil,  which  had  been  bound  up 
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by  the  froft  ; and  as  its  water  has  a 
Tendency  to  putrefadlion,  it  Teems,  oil 
many  accounts,  without  admitting  it 
to  contain  any  nitre,  to  be  admirably 
fitted  to  promote  vegetation. 

In  confirmation  of  the  analyfes  of 
rain  and  fnow  water  which  were 
made  by  Marggraaf,  I will  here  add 
thoTe  which  we  owe  to  the  accurate 
induftry  of  Dr.  Rutty  — He  eva- 
porated fix  different  fpecimens  of 
the  purefl  rain  water  he  could  pro- 
cure, and  found  that  a gallon  of  the 
pureft  yielded  fix  grains,  and  a gallon 
of  the  moil  impure  12  grains  of  a 
fubftance,  for  the  moft  part,  of  a 
dark  brown  colour,  and  a hitter, 
hrackifo  tafte.  From  a gallon  of 
fnow  water,  he  obtained  4 grains  of 
a biownilh  refidue,  which  confifted 

partly 

* Rutty’s  Synop, 


C S9  ) 

partly  of  fen  fait,  partly  of  an  abfor* 
bent  earth,  and  a fmall  portion  of 
oil 

It  may  be  obferved  from  thefe  ex- 
periments, compared  with  thofe  of 
Marggraaf,  that  the  proportion  be- 
tw'een  the  folid  impurities  of  rain 
and  fnow  water,  is  much  the  fame, 
in  parts  of  the  globe  as  far  diftant 
from  each  other  as  Ireland  and 
Trujfia,  Dr.  Rutty’s  experiments 
were  made  in  Dublin  ; a gallon  of 
the  pureft  rain  water  gave  him  6 
grains,  the  fame  quantity  of  the 
pureft  fnow  water  gave  him  4 grains 
of  heterogeneous  matter  i now  the 
proportion  of  6 to  4,  is  not  very 
different  from  that  of  100  to  60, 
which  expreffes  the  • proportional 
quantities  of  the  refidues  left,  from 
the  evaporation  of  rain  and  fnow 

water^ 
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water,  according  to  the  experiments 
of  Marggraaf.  . 

No  two  authors  perfedly  agree  In 
afcertaining  the  quantity  of  folid  im- 
purity contained  in  a definite  portion 
of  either  rain  or  fnow  water ; this  is 
not  to  be  wholly  attributed  to  the' 
difference  of  their  care  and  fkill  ex- 
erted in  the  analyfis  of  them,  but 
principally  to  the  different  natures  of 
the  fubjeds  themfelves,  upon  which 
their  labours  have  been  employed. 
The  vapours  which  are  daily  raifed 
from  the  fea^  may,  with  great  pro- 
bability, be  fuppofed  to  carry  with 
them  fome  minute  portions  of  the 
acid  of  fea  fait,  and,  perhaps,  of  fea 
fait  in  fubftance,  and  of  the  calcare- 
ous earth,  with  which  the  fea  abounds. 
The  atmofphcre  itfelf  may  be  looked 
upon,  not  only  as  the  general  re- 
ceptacle 
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ccptax:le  of  thefe  aqueous  vapours,, 
bur  likewife  of  all  mineral  exhala- 
tions *,  of  the  fleams,  which  are  con- 
flantly  arifing  from  the  perfpiration 
of  whatever  enjoys  animal  or  vegeta- 
ble life  ; and  from  the  inflantaneous 
putrefcence  of  thofe  fubflances,  when 
j-  • deprived  of  life  ; of  the  fmaller  fecd» 
j of  terreflrial  and  aquatic  plants  ; of 
the  eggs  of  an  infinity  of  fpecies  of 
imperceptible  animalcules ; of  the 
, acids  and  oils  feparated  by  combuf- 
i,  : tion  from  all  forts  of  fuel ; of  the 
b matter  of  light ; of  eleflric  effiu- 
viums ; and  of  a variety  of  other 
^ ' fubflances,  which  are  elevated,  and 
for  a time  kept  fufpended,  by  natural  - 
and  accidental  caufes  : from  thefe 
fources are  derived,  thofe  various  im- 
purities which  have  been  difeovered 
^ ^ in  all  atmofpherical  water ; and 

which, 
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■which,  we  can  readily  appreh-end, 
muft  be  different  in  quality  and  quan- 
tity, according  to  the  nature  of  the 
heterogeneous  fubftances  fubfufing 
in  that  portion  of  the  atmofphere, 
through  which  the  aqueous  vapours 
have  afcended,  or  which  they  have 
wafhed  in  their  defcent ; that  is,  in 
general,  according  to  the  nature  of 
the  climate,  the  feafon  of  the  year, 
the  diredion  of  the  winds,  and  the 
preceding  temperature  of  the  wea- 
ther. 
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ESSAY  IV. 


CF  THE  SALTNESS  AND  TEMPERA- 
TURE OF  THE  SEA. 

\ 

HERE  are  few  queftlons 


refpe(fting  the  natural  .hiftory* 
of  cur  globe,  which  have  been  dif- 
culTed  with  more  attention,  or  de- 
cided with  lefs  fatisfadlion,  than  that 
concerning  the  primary  caufe  of  the 
faknefs  of  the  fea.  The  folution  of 
it  had  perplexed  the  philofophers- 
before  the  time  of  Ariilotle  * ; it  fur- 


Ariil.  Meteo.  L.  ii.  c.  iii. 
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pafTtd  his  own  great  genius ; and 
thofe  of  his  followers,  who  have  at- 
tempted to  fupport  his  arguments, 
have  been  betrayed  into  very  ill- 
grounded  concluhons  concerning  it. 
Father  Kircher  , after  having  con- 
fulted  three  and  thirty  authors  upon 
the  fubjed;,  could  not  help  remark- 
ing, that  the  fludluations  of  the  ocean 
itfelf  were  fcarcely  more  various, 
than  the  opinions  of  men  concerning 
the  origin  of  its  faline  impregnation. 

The  queftion  does  not  feem  capa- 
ble of  admitting  an  illuftration  from 
> experiment;  atleaft,  no  experiments 
have  hitherto  been  made  for  that 
purpofe,  and  therefore  we  may  be 
the  lefs  furprifed  at  its  remaining 
nearly  as  problematical  inthcprefenc 
age,  as  it  has  been  in  any  of  the  pre- 
ceding. 

♦ Kireh,  Mun,  Subter,  L.  ilL  c.  ill. 
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ceding.  Had  there,  indeed,  any  ob- 
fervations  been  made,  three  or  four 
centuries  ago,  afcertaining  the  then 
faltnefs  of  the  fea,  at  any  particular 
time  and  place ; we  might,  by  mak- 
ing, at’prefent,  fimilar  obfervations 
at  the  fame  place,  in  the  fame  feafon, 
have  been  able  to  know  whether  the 
Jahnefs,  at  that  particular  place,  wa^ 
an  increafing^  or  a decreafingy  or  an 
invariable  quantity  : and  this  kind 
and  degree  of  knowledge  would  have 
ferved  as  a clue  to  direct  us  to  a full 
invehigation  of  this  matter  in  gene- 
ral; but  it  is  to  be  regretted,  that 
no  fuch  obfervations  have,  till  very 
lately,  been  made  with  any  tolerable 
precmon. — There  are  three  principal 
opinions  on  this  fubjedt,  which  have 
been  maintained  by  philofophers  of 
modern  date. 

Some, 


( 96  ) 

SoQie  *,  obferving  that  river  water,, 
alaioft  in  every  part  of  the  globe,  is, 
in  a greater  or  lefs  degree,  impreg- 
nated with  fea  fait,  have  tlioiighc 
that  the  fea  has  gradually  acquired 
its  prefent  quality  of  fait  from  the 
long  continued  influx  of  rivers. — 
The  water,  which  is  carried  into  the 
fea  by  the. rivers,  is  again  feparated 
ffom  it  by  evaporation,  and  being 
difperfed  over  the  atmofphere  by  the 
winds,  it  foon  defeends  in  rain  or 
vapour  upon  the  furface  of  the  earth ; 
from  whence  it  haftens  to  pour  into 
the  bofom  of  the  ocean,  the  frelli 
tribute  of  fait,  which  it  has  colleded 
in  its  inland  progrefs.  Thus  the 
fait  conveyed  into  the  fea,  not  being 
a volatile  fubftance,  nor  performing 
an  inceffant  circulation,  like  the  wa- 
ter 


♦ Halley,  Phllof.  Tianf.  No.  543. 
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'ter  which  carries  it  thither,  mufl  be 
a perpetually  increafing  quantity, 
and  time  enough,  it  is  contended, 
has  elapfed  fince  the  creation,  for  the 
fea  to  acquire  from  this  fource  its 
prefent  quantity  of  fait. 

The  .principle  upon  which  this 
opinion  is  founded,  cannot  become 
•the  fubje(5l  of  accurate  calculation  5 
rivers  may  have  formerly  carried 
more  or  lefs  ialt  into  the  fea,  than 
they  do  at  prefent ; and  the  quanti- 
ties, contained  at  prefent  in  different 
rivers,  are  fo  various,  that  any  gene- 
ral pofition,  with  refpedl  to  the  pro- 
portion of  fait  obfervable  in  river 
water,  will  be  liable  to  many  excep- 
tions from  particular  cafes.  It  may 
appear  probable,  however,  from  the 
following  obfervation,  that  the  caufc 
here  afligned  of  the  faltnefs  of  the 

VOL.  II.  G fea. 
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fea,  is  not  adequate  to  the  efFe£t, 
Sea  water,  at  a medium  taken  from 
obfervations  made  in  diflferent  cli- 
mates, may  be  fuppofed,  without 
■any  great  apprehenfion  of  error,  to 
contain  about  one  thirtieth  of  its 
weight  of  common  fait  5 but  all  the 
rivers  in  the  world  could  not  have 
conveyed  into  the  fea  one  five  hun- 
dredth part  of  the  weight  of  the  fea, 
•though  we  fuppofe  that  they  have 
daily,  ever  fince  the  creation,  carried 
into  the  fea  and  left  there,  the  ftme 
.quantity  of  fait  which  they  do  at 
prefent  daily  depoiit  in  it.  In  order 
to  make  this  out  with  any  appear- 
ance of  perfpicuity  and  precifion, 
we  will  take  for  granted  what  fomc 
■eminent  philofophers  have  endea- 
voured to  prove,  — that  all  the 
rivers  in  the  world  flowing  into  the 
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6i  die  fea,  with  a continuance  of 

their  prefent  ftores,  would  take  up 

at  lead  eight  hundred 'years  to  fill  it 

to  its  prefent  height*}’’ — ^diis  being 

premifed,  let  us  fuppofe  the  ocean  to 

have  been  originally  quite  frefh,  and 

to  have  daily  loft  by  evaporation  as 

much  water  as  it  daily  received  from 

the  influx  of  the  rivers,  then  muft 

/■ 

eight  hundred  years  have  paflTed  be- 
fore the  frefh  water  of  the  ocean 
could  have  been  changed  into  river 
water,  or  acquired  that  proportion  of 
-fait  with  which  river  water  is  im- 
pregnated. River  water  may,  in  ge- 
neral, be  fuppofed  to  contain  one 
four  thoiifandth  part  of  its  weight  of 
lea  fait  j fome  rivers,  doubtlefs,  con- 
tain 

* Goldfmitli’s  Hid.  of  the  Earth,  &c.  Vol.  I* 
p.  22S.  Buffon,  Hift.  Nat.  Vol.  I.  p.  356. 
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tain  more,  others  lefs,  but  the  quan- 
tity here  afflimed  feems  to  be  great 
enough ; fince  even  the  Thames  * 
water,  taken  up  near  Billingfgate, 
impregnated,  as  it  may  be  fuppofed 
to  be,  with  fea  fait,  from  the  quantity 
of  it  ufed  in  London,  and  walhed  into 
it  by  various  drains,  does  not  con- 
tain one  half  fo  much ; the  oceaa 
upon  this  hypothefis,  at  the  expira- 
tion of  eight  hundred  years  from  the 
creation,  would  have  contained  one 
four  thoufandth  part  of  its  weight 
of  fea  fait ; and  at  the  expiration  of 
eiglit  rimes  eight  hundred  years,  it 
would  have  contained  eight  four 
thoufandth  parts,  or  one  five  hun- 
dredth part  of  its  weight  of  fait ; but 
eight  times  eight  hundred  years  carry 

us 

* See  an  ingenious  Inquiry  into  the  Nature 
of  Water,  by  Dr.  Rotherham,  p.  U4» 
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US  back  to  an  asra  antecedent  to  the 
creation  of  the  world. 

Other  philofophers  *,  obferving 
that  larg;e  beds  of  foffile  fait  are 
not  unfrequent  in  any  quarter  of  the 
globe  ; and  conceiving,  with  great 
probability,  the  bottom  of  the  fea 
to  be  analogous  in  its  formation  to 
the  furface  of  the  earth,  have  un- 
dertaken to  derive  its  faltnefs  from 
the  beds  of  rock  fait,  which  they 
have  fuppofed  to  be  fituated  at  its 
bottom ; and  they  are  further  of 
opinion,  that  without  fuch  a perma- 
nent faline  principle,  the  fea  would 
long  fince  have  become  infipid  from 
the  fredi  water  poured  into  it  by  an 
infinity  of  rivers.  Strange  ! that 

what, 

* Mem,  de  I’Acad.  dcs  Scien,  de  Bcr,  Ann. 
1760. 
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what^  according  to  the  fore  mention- 
ed hypothefis,  was  thought  fufficienr 
to  account  for  the  faltnefs  of  the  fea,, 
fhould  in  this  be  efteemed  inftru- 
jT.ental  in  annihilating  the*  faltnefs. 
already  fuppofed  to  exift. 

This  opinion  is  liable  to  an  ob- 
jeflion  of  fome  weight ; for  it  may 
reafonably  be  inquired,  why  the  wa- 
ters of  the  ocean  are  not  perfeflly 
faturated  with  fait,  if  they  have  ever 
fmce  the  creation  been  exerting  their 
dilTolving  powers  upon  fuch  perma- 
nent mafles  of  rock  fait  as  are 
thought  to  be  lituated  at  its  bottom; 
Were  the  waters  of  the  ocean  in  a 
quiefcent  Hate,  and  every  where  of 
two  or  three  miles  in  depth,  as  they- 
are  conjetlured  to  be  in  fome,  it. 
would  not  be  an  eafy  matter  to  de- 
fine the  time  in  which  the  waters  at 

the 
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tfie  furface  would  become  fapid, 
much  lefs  in  which  they  would  be- 
come faturated,  though  the  whole 
bottom  of  the  ocean  was  covered 
with  a ftratum  of  rock  faltV  The 
water  contiguous  to  the  fait  would- 
fuurate  itfelf  therewith,  and  being 
thereby  rendered  heavier  than  the 
fuperficial  water,  it  would  not  readily: 
mix  itfelf  with  it;  but  though  the 
•lower  parts  of  the  fea  have  been  ob- 
ferved  by  divers  to  remain  in  a very 
tranquil  fbate,  when  the  upper  have 
been  much  agitated  by  ftorms ; yet 
it  may  reafonably  be  fuppofed,.  that 
they  are  fufEciently  moved,  to  caufc;>, 
in  a fufficient  length  of  time,  an 
uniform  dififufon  of  the  rock  falt^, 
they  may  be  fuppofed  to  have  dif- 
foivcd.  Tlie  patrons  of  this  opinioa 
found  ihcir  reafoning  upon  a.  miflake-; 
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they  think,  that  if  there  were  no- 
mines  of  rock  fait  in  the  bed  of  the’ 
ocean,  its  waters  would  have  been 
long  ago  converted  into  frelh  water, 
by  the  rivers  difcharged  into  it. 
Now  this  is  an  erroneous  principle  y 
ior  fuppofing  that  the  rivers  them- 
felves  contained'  no  fait,  and  that 
they  returned  into'  the  Tea,  in  any. 
given  time,  the  fame  quantity  of 
water,  which  in  the  fame  time  is 
raifed  fi'om  it  by  evaporation,  the 
faltnefs  would'  remain  precifeiy  the’ 
fame  for  ever.  But  neither  of  thefe 
fuppofitions  is  true,  for  the  rivers  do 
convey  into  the  ocean  fome  por- 
tion of  fait  every  day,  and  they  do 
nor,  in  any  given  time,  return  intO' 
the  ocean  Co  much  water  as  in  the 
fame  time  is  Separated  from  it;  and' 
upon  both  thefe  accounts,  the  falt- 
1 nefs- 
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nefs  of  the  fea,  fo  far  from  being 
diminifhed,  ought  conftantly  to  be 
increafed,  from  the  rivers  poured 
into  it. 

Boyle  unites,  as  it  were,  the  two 
preceding  hypothefes,  and  “ takes 
the  faltnefs  of  the  fea  to  be  fupplied, 
not  only  from  rocks  and  pther  malTes 
of  fait,  which  at  the  beginning  were, 
or  in  fome  countries  may  yet  be 
found  either  at  the  bottom  of  the 
fea,  or  at  the  fides,  where  the  water 
can  reach  them ; but  alfo  from  the 
fait  which  the  rivers,  rains,  and 
other  waters  dilTolve  in  their  palfage 
through  divers  parts  of  the  earth, 
and  at  length  carry  with  them  into 
the  fea.*’  Buffon  and  the  gene- 
rality 

* Boyle’8  Works,  Vol.  III.  p,38r, 
f Hifl,  Nat.  Vol.  I.  p.  361.  Goldfmltli^a 
Hia.  of  the  Earth,  Vol.  I,  p,?34. 
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rallty.  of  philofophers,  acquiefce  ib 
the  opinion  of  Boyle. 

After  allj  it  rnay  be  obferved,  that 
we  are  inquiring  into  the  caufe  of  a 
phenomenon,  which  it  may  be  faid 
had  no  fecondary  caufe  at  all.  It  is 
taken  for  granted  in  this  difquifition,. 
that  the  water  which  covered  the- 
globe  in  its  chaotic  (late,  .vvas  not 
impregnated  with  fait  as  at  prefent, 
but  quite  freQi now  this  is  an  opi- 
nion concerning  a matter  of  faft, 
which  can  never  be  proved  either 
way  ; and  furely  we  extend  our  fpe- 
culations  very  far,  when  we  attempt 
to  explain  a phenomenon,  primeval 
to,  or  coeval  with,  the  formation  of 
the  earth. 

Bernardino  Gomefius  about  two 
hundred  years  ago,  publiflied  an  in- 
genious’ 

* Gomef.  de  Sale,  1.  i.  c;  24.- 
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genibus  treatife  upon  fait ; in  tKis^ 
treatife,  after  reciting,  and  refuting^, 
the  opinions  of  Empedocles,  Anax^ 
agoras,  and  Ariftotle,  upon  the  fub- 
jebt  in  queftion,  he  propofes  his  own 
wherein  he  maintains  that  the  fea. 
•was  originally  created  in  the  fama' 
flate  in  which  we  at  prefent  find  it,r 
and  impregnated  from  the  very  firft, 
with  the  fait  which  it  contains,. 
Though  this  hypothefis  may  be  con- 
fidered  by  fome,  rather  as  a cutting- 
than  any  untying  of  the  knot,  yet  it= 
has  been  embraced  by  philofophers- 
of  great  eminence  and  it  muft  be- 
owned  that  it  may  be  applied  to  the 
folution  of  fome  phsenomena  witb- 
peculiar  propriety.  Naturalifts  alfure:' 
us,  that,  though  fome  few  fpecies  of* 

fifhes 

* KIrcher ivlun.  Sub.  L.  ill.  c.  ill.--  ■— 
Kollet.  Lee,  dc  Pliyf.  Tom,  IV.  p.  62. 
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fiflies  thrive  in  frefli  water,  and  Come 
others  live  alternately  in  frelh  water 
and  fait,  yet  by  far  the  greateft  num- 
ber cannot  exift  out  of  the  fea  : now 
whether  we  fupp'ofe  the  fea  to  have 
become  fait  from  the  influx  of  rivers, 
or  from  the  gradual  folution  of  beds 
of  rock  fait,  or  from  the  combined 
influence  of  both  thefe  caufes,  it  mufl 
for  fome  years  have  remained  fo  ex- 
ceedingly frelh,  that  it  will  not  be  an 
eafy  matter  to  account  for  the  conti- 
nuation of  the  exiftence  of  the  num- 
berlefs  fpecies  of  filhes,  which  cannot 
live  in  frefh  water.  This  difficulty 
is  not  removed  by  fuppofing  that 
flfhes  do  not  imbibe  any  part  of  the 
fea’s  faltnefs  with  their  food,  and  at- 
tributing the  efficacy  of  fea  water  in 
preferving  life,  to  the  fuperior  weight 
with  which  it  comprefles  the  organs 

of . 
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of  refpiration,  for  this  fuperior  weight 
is  as  much  an  effeil;  of  the  fait  dif- 
'folved  in  it,  as  the  faline  tafte  itfelf. 
The  faitnefs  of  the  Cajpian  fea,  of  the 
lakes  of  Mexico^  and  'Titicaca,  and  of 
other  large  colleftions  of  waters, 
which  have  no  effluent  river?,  nor 
vilible  communication  with  the  fea, 
may  be  as  fuccefsfully  explained  up- 
on this  hypothefis, — that  the  fea  was 
at  the  creation  impregnated  with  falc 
— as  upon  either  of  the  preceding. 

Befides  the  opinions,  concerning 
the  caufe  of  the  faline  impregnation 
of  the  fea,  which  have  been  here 
mentioned,  there  is  another,  which 
future  ages  will,  probably,  fee  lefs 
quellionable  reafons  to  adopt  than  we 
do  : I mean  that  which  maintains — * 
that  fea  fait  is  conftantly  and  abun- 
dantly 
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'Santly  generated,  both  on  the  fur* 
■jface  of- the  earth,  and  in  the  borom 
of  the  ocean. 

But  how  ineffeclual  foever  our  at- 
tempts may  be  to  explain  the  caufe 
of  the  faknefs  of  the  fea ; yet  one 
■might  havelioped,  that  in  this  age  of 
- philofophy  and  curious  navigation, 
the  degree  of  its  faknefs  in  every  la- 
titude, and  every  feafon  of  the  year, 
would,  have  been  afcertained  by  ac- 
curate experiments.  The  acquiring 
^'knowledge  by  experiments,  is  a flow 
«and  laborious  method,  but  it  is,  at 
^the  fame  time,  a method  within  out 
treach  : whilfl;  the  theoretical  invefti- 
gation  of  the -proximate  caufe  of  any 
natural  phsenomenon  often  furpafles, 
-and  that  of  its  ultimate  caufe  always 
furpafles  the  apprehenfion  of  the  hu- 
^man  intelledl. 


Some 
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‘Some  experiments  tending  to  fiie 
'elucidation  of  this  point,  refpedling 
the  famenefs  or  diverfity  of  the  fait- 
nefs  of  the  fea  in  different  places, 
were  made  in  the  courfe  of  the* 
voyage  towards  the  Nortli  Pole,  in 
1773.  We  learn  from  thefe  experi- 
•ments,  that  the  fea  water  at  the  Nore 
contained  not  quite  ~V  at  the 

back  of  armculh  fands  not  quite  -j-V; 
off  Flamhorough  Head  .rather  more 
than  ; off  Shetland  rather  lefs  than 
latitude  74  at  fea^V  j latitude  7S 
'lefs  than  ; latitude  80,  near  the 
ice,  not  quite  .3-V ; latitude  80.30, un- 
der the  ice,  not  quite,  latitude 

•68.46,  rather  more  than  latitude 

65,  at  fea,  rather  lefs  than  Dr. 

Hales 

^ Thefe  feveral  quantities  are  derived  fronl 
the  experimeuts  mentioned  in  a Voyage  to- 
wards 
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Hales  got  only  water  taken 

tip  in  the  Mediterranean,  and  from 
water  taken  up  at  the  Nore.  Dr. 
Rutty  fays,  he  got  water 

taken  up  in  latitude  65  ; from 
water  taken  up  near  to  Dublin ; and 
jV  from  water  taken  up  at  Dungar- 
n)an  ; and  Dr.  Lucas,  that  he  got 
from  fea  water  taken  up  at  Har- 
wich *d*  The  reader  will  obferve 
that  thefe  experiments  do  not  per- 
fectly accord,  as  to  the  quantity  of 
fait  contained  in  water  taken  up  at 
the  fame  place,  as  at  the  Nore,  and 
in  latitude  65.  This  is  not  to  be 
wondered  at ; the  fea  water  in  the 

fame  latitude,  is  not  always  equally 

di- 
wards the  North  Pole,  1773,  by  Conf.  Joha 
Phipps,  now  Lord  Mulgrave,  p.  143. 

* Monro  on  Mineral  Waters,  Vol.  I.  p*. 
205. 
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diluted  by  the  frefli  water  which  falls 
from  the  atQiofphere  ; nor  can  we  be 
certain,  that  different  perfons,  in 
making  experiments  of  this  kind, 
have  always  nfed  the  fame  degree  of 
heat,',  in  drying  the  refidue  which  re- 
mains after  the  evaporation  of  the 
water ; or  that  they  have  evaporated 
the  water  with  the  fame  deorree  of 

o 

heat : and  yet,  this  circumftance  albne 
may  occafion  a great  difparity  in  the 
quantity  of  the  faline  matter,  fepara- 
ble  from  a definite  weight  of  fea  wa- 
ter. For  not  to  infift  upon  what  has 
been  before  mentioned,  thedecompo- 
htion  of  a part  of  the  fea  fair,  which 
takes  place  when  a folution  of  it  is 
evaporated  with  a great  heat,  it  may 
be  obferved,  that  the  fea  fait  in  fub 
fiance  is  difperfed,  when  a faturatt  /I 
folution  of  it  is  evaporated  with  f 
voi-  It.  FI 
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lefs  Aan  a boiling  heat.  This  is  very, 
clearly  feen,  when  a fmall  quantity 
of  a fqliition  of  fea  fait  is  evaporated 
to  drynefs  in  a deep  copper  veflel ; 
for  the  infide  of  the  veffel,  which 
can  come  in  contact  with  nothing  but 
the  vapour,  *is  fpangled  with  particles 
of  fait,  which  have  been  carried  up 
with  the  vapour. 

It  appears  from  fome  experiments 
formerly  made  in  a voyage  from 
England  lo  Bombay  in  the  Eaft  Indies, 
that  the  weight  of  the  fea  water  was 
the  greateft,  not  precifely  at  the  Equa- 
tor,  but  where  the  fun  was  vertical, 
and  confequently,  in  limilar  circum- 
ftances,  where  the  heat  was  greateft. 
The  greateft  weight  of  a dcfiryte 
■quantity  of  fea  water,  which  was 
obferved  in  failing  from  28  degrees 
north  latitude  to  the  Cape  of  Good 

HopCy 
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Hope,  which  is  about  34^  degrees 
Ibuth  latitude,  in  the  months  of  May, 
June,  and  July,  was  atSt.  Jago  ifland, 
north  latitude  15  degrees;  and  the 
leaft  was  at  Tenerilf  iiland,  north 
latitude  28.  The  vyeights  of  equal 
bulks  of  Thames  water,  of  the  fea 
water  at  Tenerilf,  and  St.  Jago,  were 
•649 — 673^ — ySof  grains*;  the  pro- 
portion of  which  numbers  may  be 
nearly  thus  expreTed. — Thames  wa- 
ter icoo, — Tenerifffea  water  1022, 
— St.  Jago  fea  w^ater  1 1 84.  By  com- 
paring thefe  numbers  with  a Table 
in  the  Philofophical  Tranfaclions, 
exhibiting  the  comparative  weight  of 
equal  bulks  of  limple  water,  and  of 
water  impregnated  with  diiTerent 
portions  of  fea  fair,  it  may  be  con- 
jedured,  that  the  Teneriff  fea  water 

con- 

* Gentleman’s  Mag.  Vol.  XXV.  p.  260. 
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contained  about  -j-V  of  fait,  and  the 
Sr.  Jago  water  above  i of  its  weight 
of  fait,  fo  that  it  was  nearly,  if  not 
fully  fatu  raced 

As  it  is  not  every  perfon  who  can 
make  himfelf  expert  in  the  ufe  of  the 
common  means,  of  eftimating  the 
quantity  of  fait  contained  in  fea  wa- 
ter, I vvill  mention  a method  of  do- 
ing  it,  which  is  fo  eafy  and  f mple, 
that  ever}'  common  failor  may  under- 
ftand  and  praclife  it ; and  which,  at 
the  fame  time,  from  the  trials  1 have 
made  of  it,  feems  to  be  as  exa(ft  a 
method  as  any  that  has  yet  been 
thought  of. — Take  a clean  towel,  or 

any 

* I formed  the  table  here  referred  to  above 
JO  years  ago;  I have  reafon  to  think,  that 
thofewho  havelelfure  and  accurate  inftruments, 
might  make  it  more  correft,  by  ufing  more  pre- 
caution than  I did  in  fome  particulars,  efpeci- 
ally  in  what  relates  to  the  purity  of  the  fait. 

^ Philof.  Tranf.  1770,  p.  349. 
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any  other  piece  of  cloth,  dry  it  well 
in  the  fun  or  before  the  fire,  then 
weigh  it  accurately,  and  note  down 
its  weight ; dip  it  in  the  Tea  water, 
and,  when  taken  out,  wring  it  a lit- 
tle till  it  will  not  drip  when  hung 
up  to  dry  ; weigh  it  in  this  wet  ftate, 
then  dry  it  either  in  the  fun  or  at  the 
fire,  and,  when  it  is  perfe<5Uy  dr^^, 
weigh  it  again.  The  excefs  of  the 
weight  of  the  wetted  cloth  afove  its 
original  weight,  is  the  weight  of  the 
fea  water  imbibed  by  the  cloth;  and 
the  excefs  of  the  weight  of  the  cloth, 
after  being  dried,  above  its  original 
weight,  is  the  weight  of  the  fait  re- 
tained by  the  cloth  *,  and  by  com- 
paring this  .weight  with  the  weight 
of  the  fea  water  imbibed  by  the  cloth, 
we  obtain  the  proportion  of  fait  con- 
tjuned  in  that  fpccies  of  fea  water, 

H a Who- 
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Whoever  undertakes  to  afcertain 

I 

the  quantity  of  fait  contained  in  Tea 
water,  either  by  this  or  any  other 
method,  would  do  well  to  obferve 
the  flate  of  the  weather  preceding 
the  time  when  the  fea  water  is  taken 
out  of  the  fea  ; for  the  quantity  of 
fait  contained  in  the  water  near  the 
furface,  may  be  influenced,  both  by 
the  antecedent  moifture,  and  the  an- 
tecedent heat  of  the  atmofphere. 
And  this  leads  to  the  confideration 
of  a queftion  propofed  by  Arifiotle  *, 

■ — Why  are  the  upper  parts  of  the 
fea  falter  and  warmer  than  the  lower  ? 


— Some  philofophers,  admitting  the 
fa£l:,  have  followed  him  in  attempt- 
ing to  explain  it ; whilft  others  have 

thought  themfelves  authorifed  by 
experiment  to  deny  the  truth  of  the 

V pofi-- 


* Arifi.  Prob.  S.  xxlii.  9.  30. 
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polition  ; and  diofe,  perhaps,  will 
argue  with  the  greateft  juftnefs,  who 
fliall  affirm,  that  it  is  neither  gene- 
rally to  be  admitted,  nor  generally  to 
be  rejeded,  but  that  the  fea  in  fome 
places,  and  under  certain  circum- 
ftances,  is  faker  and  warmer  at  the 
furface,  than  at  any  confiderable 
depth  beneath  it,while  in  many  others 
the  reverfe  is  true.  The  queftion 
confifts  of  two  parts,  betwixt  which, 
though  there,  probably,  is  a con- 
nection, yet  it  is  not  fo  necefl'ary  a 
one  as  to  hin^ier  us  from  confider- 
ing  each  part  by  itfelfi 

As  to  the  faltnefs  of  the  fea  at 
different  depths,  we  have  different 
accounts  concerning  it.  There  are 
two  methods  of  eflimating  the  rela- 
tive quantities  of  fait  contained  in 
• H 4 differ- 


( 120  > 

different  fpecimensof  Tea  water  ; one 
confifts  in  weighing  equal  bulks  ofl 
them,  fuppofe  a pint  or  a bottle  full! 
of  each  ; for  if  they  have  equal! 
weights,  it  is  fafely  enough  inferred, i 
that  they  contain  equal  quantities  of 
fait:  the  other  confifts  in  evaporat- 1 
ing  a pint,  or  any  other  meafure  of  i 
Tea  water,  and  weighing  the  fait 
(which  is  not  evaporable)  remaining 
after  the  water  is  wholly  diffipated. 
Mr.  Boyle  found,  that  equal  bulks 
of  water  taken  up  in  the  Channel 
between  France  and  England  at  the 
furface,  and  at  the  depth  of  fifteen 
fathoms,  were  equally  heavy ; and 
thence  he  concludes,  that  the  fuper- 
ficial  water  was  as  fait  as  that  at  a 
great  depth 

On 

* Boyle’s  Obferv.  on  the  Saltnefs  of  the  Sea. 
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•On  the  other  hand,  Count  Mar- 
filli  obtained,  by  evaporating  the 
water,  a ihirty-fecond  part  only  of 
its  weight  of  fait  from  water  taken 
up  on  the  furface  of  the  fea  in  the 
gulf  of  Lyons,  whilfl:  that  taken  up 
at  the  fame  time  and  place  from  a 
great  depth  gave  him  a twenty-ninth 
part  of  its  weight  of  fait ; and  he 
thence  infers,  the  greater  faltnefs  of- 
the  fea  at  the  bottorr?than  at  its  fur- 
face  ♦.  In  this  conckifion  he  has 
been  fupported  by  experiments  made 
in  the  gulph  of  Bothnia, 

There  can  be  no  reafon  to  rufpe(ft 
the  accuracy  with  which  any  of  thefe 
experiments  was  made  : in  different 
places  the  fads  will  probably  be 
different.  The  Rhone  difcharges 
much  frejh  water  into  the  gulf  of 

I^yons ; 


* Hiftolrc  Phyf.dc  laMer. 


( 122  ) 

, Lyons ; this  frefli  water,  being  lighter 
than  the  fea  water,  will  not  readily 
mix  itfelf  with  it,  and  for  this  reafon 
the  fuperficial  water  will  be  moft 
diluted  by  it,  and  from  that  circum- 
fiance  it  will  contain  lefs  fait,  in  a 
definite  quantity,  than  the  water 
which  is  at  a greater  depth.  At 
Northwich  they  pump  their  brine, 
which  is  to  be  boiled  into  fait,  into 
a very  large  ci  *ular  bafon,  funk  in 
the  ground,  and  lined  with  brick, 
from  whence,  when  its  impurities 
are  fubfided,  it  is  .conveyed  to  the 
boiling  pans.  This  bafon  is  expofed 
to  the  open  air,  and  in  cafe  of  a 
great  fall  of  rain,  or  fnow,  they  let 
off  the  uppermoft  parts  of  the  water 
through  a wooden  tube,  which  is  at 

other  times  hopped  with  a plug, 

placed 
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placed  upon  a level,  nearly,  with 
the  upper  furface  of  the  brine  in  the 
bafon  ; wha^t  is  thus  let  off  is  not 
preferved,  but  thrown  away  as  ufe- 
lefs.  This  pradice  proceeds  upon 
the  principle  we  are  fpeaking  of, 
namely,;^that  frefh  water  is  not  apt 
to  mix  itfelf,  unlefs  it  be  much  agi- 
tated, with  fait  water.  The  gulf  of 
Bothnia  receives  rivers  from  an  im- 
menfe  range  of  mountains,  extend- 
ing themfelves  to  the  eaft,  the  north, 
and  the  weft,  far  beyond  the  polar 
circle ; and  therefore,  as  in  the  gulf 
of  Lyons,  its  furface  may  be  more 
diluted  with  frefti  water  than  its 
middle  or  bottom.  But  in  the  water 
of' the  EngUJh  channel,  with  which 
Mr.  Boyle  made  his  experiment,  the 
cafe  is  very  different.  This  water 

has 
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has  a communication  with  the  Ger- 
man ocean  on  one  fide,  and  with  the 
Atlantic  on  the  other ; and,  from 
that  circumftance,  it  is  fubje<fl  to 
fuch  a conftant  agitation  as  will  oc- 
cafion  all  the  frefli  water,  poured 
into  it  by  the  Thames,  Medway,  and 
other  rivers  of  lefs  confequence,  to 
be  uniformly  diffufed  through  all  its 
fubftance,  fo  as  to  render  it  equally 
fait  at  all  depths.  The  conftant 
eifeft  produced  on  the  fuperficial 
water  of  the  fea,  by  the  influx  of  a 
large  river,  is  fomewhat  fimilar  to  the 
temporary  efledl  attending  a down- 
fal  of  rain  j the  fuperficial  water  will 
be  thereby  much  cflluted.  It  was 
obferved  in  the  voyage  to  Bom- 
bay, before  referred  to,  that  if  a 
quantity  of  fea  water  in  dry  weather  • 
- . weighed 
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weighed  778  grains,  an  equal  quan- 
tity immediately  after  a fall  of  rain 
would  not  weigh,  above  676' grains, 
the  fame  quantity, of  'Thames  water 
weighing  659  grains.  Hence  it  may 
be  colleded,  that  the  weight  of  a 
cubic  foot  of  the  fea  water  before 
rain  exceeded  the  weight  of  a cubic 
foot  after  rain  by  155  ounces. 

In  the  voyage  which  was  made 
towards  the  North  Pole  in  1773,  we 

. • meet  with  fome  experiments  on  this 
, fubjed. 

In  the  open  fea  off  Shetland,  north 
latitude  60  degrees,  equal  quantities 
of  water  were  taken  up  at  the  fur- 
face,  and  at  the  depth  of  fixty-five 
fathoms;  thefe  dilferent  waters  yield- 
ed by  evaporation  equal  quantities 
of  fait,  namely,  of  their  weight 
nearly. 


2 
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On  another  occafion,  In  north  la- 
titude 65  degrees,  fome  water  taken 
up  from  the  furface  gave  nearly 
of  its  weight  of  fait,  whilft  an  equal 
weight  taken  up  from  the -depth  of 
683  fathoms  in  the  fame  place,  gave 
only  3-V 

It  is  obvious  that  the  firft  of  thefe 
experiments  confirms  Mr.  Boyle’s 
notion  of  the  fea  being  equally  fait 
at  all  depths,  and  that  the  fecond  is 
wholly  oppofite,  both  to  his  opinion, 
and  that  of  Count  Marfilli,  fo  that , 
the  queflion  remains  ftill  undecided. 
There  is  a circumftance,  however, 
which  I will  fubmit  to  the  reader^s 

con- 

* In  page  143,  from  which  this  account 
is  extrafted,  the  latitude  is  put  equal  to  75  de- 
grees ; but  it  appears  from  pages  1 17  and  137, 
that  the  fhip  on  the  4th  of  Sept,  when  this  ex- 
periment was  made,  was  in  latitude  65. 
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canfideration,  whether  it  may  not  be 
fufficient  to  explain  the  different  re* 
fults  of  the  experiments  made  during 
the  voyage  here  fpoken  of.  The 
experiments  which  gave  equal  quan- 
tities of  fait  from  equal  quantities  of 
water,  taken  up  at  the  furface^  and 
at  the  depth  of  65  fathoms,  were 
made  on  the  12th  of  June;  the 
others,  which  gave  more  fait  from 
the  fuperficial,  than  from  the  deep 
water,  were  made  on  the  4th  of  Sep- 
tember. Now  admitting  the  falt- 
nefs  of  the  fuperficial  water,  and  of 
water  at  the  depth  of  683  fathoms 
to  have  been  the  fame,  in  the  begin- 
ning  of  June,  why  may  not  the 
quantity  of  water  evaporated  from 
the  lurface  of  the  fea,  during  the 
hot  months  of  July  and  Auguft, 
liave  left  the  fuperficial  water  more 

impreg- 
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impregnated  wirii  fair  than  the  water 

at  a great  depth  ? It  is  fome  con- 
firniation  of  this  notion,  that  the  air 
in  June  was  only  fix  degrees  warmer 
than  the  water  from  the  depth  of  65 
fathoms,  and  that  the  air  in  Sep- 
tember, when  the  experiment  was 
made,  was  above  26  degrees  hotter 
than  the  water  from  the  depth  of 
683’  fathoms.  The  rife  of  frefh 
fprings  at  the  bottom  of  the  fea,  in 
particular  places,  may  be  another 
reafon  for  our  accidentally  finding, 
the  fea  falter  at  its  furfiice  than  at 
any  great  depth  below  it.  How- 
ever, neither  of  the'  reafons  here 
offered  in  explanation  of  the  phseno* 
menon  are  v/holly  to  be  relied  on  ; 
for  the  frefh  water  which  may  acci- 
dentally be  found  at  the  bottom  of 
the  fea  will  rife  up  till  it  becomes  as 

much 
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much  impregnated  with  fair,  as  the 
water  incumbent  over  it  is ; and  the 
water  at  the  furface,  which  is  ren- 
dered heavier  by  the  fun’s  having 
evaporated  fome  of  its  frefh  parti- 
cles, will  probably  fink  downwards, 
and  mix  itfelf  with  the  water  below 
it,  till  the  whole  mafs  of  water  be- 
comes equally  heavy,  and  confe- 
quently  equally  fait.  The  facfl  itfelf, 
of  the  fea  being  in  any  cafe  falter  at 
the  furface  than  at  its  bottom,  ought 
to  be  afeertained  by  repeated  experi- 
ments. , • 

With  refpe^l;  to  the  temperature 
of  the  fea  at  different  depths,  it 
feems  reafonable  enough  to  fuppofe, 
that  in  fummer  time  it  will  be  hotter 
at  the  furface  than  at  any  confider- 
able  depth  below  it,  and  that  in 
.winter  it  will  be  colder.  Suppofe  a 
VOL.  II.  I ciftern. 
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ciftern,  ^twelve  feet  in  depth,  to  be. 
filled  with  fpring  water,  of  48  de- 
grees warmth,  to  the  height  of  eleven 
' feet ; then  if  we  fill  up  the  ciftern 
to  its  top,  by  gently  pouring  water 
heated  to  100  degrees  upon  the  fur- 
face  of  the  fpring  water,  it  may  rea- 
dily be  underftood,  that  the  heat  of 
this  water  will  not  be  inftantaneoully 
communicated  through  the  whole 
mafs  of  water  in  the  ciftern,  but  that 
the  water  will  decreafe  in  heat  from 
the  furface  to  the  bottom  of  the 
ciftern.  On  the  other  hand,  if  on 
the  1 1 feet  of  fpring  water  heated 
to  58  degrees,  we  pour  a foot  of 
water  heated  only  to  33  degrees,  it 
may  be  expeded,  that  the  fpring 
water  which  is  neareft  to  the  cold 
water,  will  be  fooner  cooled  by  it 
than  that  which  is  at  a greater 

diftance ; 
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dlftance  ;_and  on  this  account  the 
water  at  the  bottom  of  the  ciftern 

• 

' will  be  warmer  than  that  in  the 
middle  or  at  the  top.  It  mnfl  be 
obferved,  however,  that  cold  water 
being,  bulk  for  bulk,  heavier  than 
hot  water,  the  water  which  has  only 
33  degrees  of  heat,  will  defeend  by 
its  fuperior  weight,  into  the  mafs  of 
water  contained  in  the  ciftern ; and 
thus  the  water  in  the  ciftern  will  be 
cooled,  not  only  by  the  bare  com- 
munication of  cold  from  the  upper 
water,  but  by  the  adlual  mixture  of 
that  water  with  the  reft ; fo  that  the 
difference  between  the  heat  of  the, 
water  at  the  bottom  and  top,  will 
not  be  fo  great  as  it  would  have 
been,  if  the  cold  water  had  not 
mixed  itfelf  with  the  reft.  Thefe 

1 2 fuppo- 
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fuppofitions  of  hot  and  cold  water 
incumbent  on  the  fpring  water  in 
the  ciftern,  arc  analogous  to  the 
adion  of  the  fummer  and  winter 
atmofpheres  incumbent  on  the  fur- 
face  of  the  fea.  No  perfon'  who 
has  bathed  in  deep  (landing  water 
in  fummer  time,  can  have  failed  to 
obferve,  that  the  water  grew  colder 
and  colder  according  to  the  depth 
to  which  he  defeended.  I have  fre- 
quently obferved,  that  the  furface  of 
a pool  of  water  of  two  feet  in  depth 
has,  in  a funny  day,  even  in  winter, 
been  five  degrees  hotter  than  the 
water  at  its  bottom. 

Mr.  TVales  deferibes  the  infiru- 
ment  he  made  ufe  of  for  trying  the 
temperature  of  the  fea  at  different 
depths,  in  the  following  terms: 

“ The 
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The  apparatus  for  trying  the  heat 
of  the  fea  water  at  different  depths, 
conlilled  of  a fquare  wooden  tube, 
of  about  1 8 inches  long,  and  3 
inches  fquare  externally.  It  was 
fitted  with  a valve  at  the  bottom, 
and  another  at  the  top,  and  had  a 
contrivance  for  fufpending  the  ther- 
mometer exactly  in  the  middle  of  iu 
When  it  was  ufed,  it  was  faftened 
to  the  deep- fea  line,  juft  above  the 
lead,  fo  that  all  the  way  as  it  de- 
fended the  water  had  a free  paflage 
through  it,  by  means  of  the  valves 
which  were  then  both  open  ; but  the 
inftant  it  began  to  be  drawn  up, 
both  the  valves  clofed  by  the  pref- 
fure  of  the  water,  and  of  courfe  the 
thermometer  was  brought  up  in  a 
body  of  water,  of  the  fame  tempera- 

I 3 lure 
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ture  with  that  it  was  let  down  to 
With  this  inftrument,  which  is  much 
the  fame  with  one  formerly  defcribed 
by  Mr.  Boyle,  in  his  Obfervations 
about  the  faltnefs  of  the  fea,  water, 
was  fetched  up  from  different  depths, 
and  its  temperature  accurately  no- 
ticed, in  different  feafons  and  lati- 
tudes. 

Auguft  27,  1772,  fouth  latitude 
24®  40'.  The  heat  of  the  air  was 
72t>-^of  the  water  at  the  furfacc 
x7o> — of  water  from  the  depth  of  8g> 
fathoms  6,8  'f, 

December  27,  1772^  fouth  lati- 
tude 58°  21^  The  heat  of  the*  air 
was  3 i-t, — of  the  water  at  the  fur- 

face 

* Sec  Agronomical  Obfervations  made  in  a 
Voyage  towards  the  South  Pole,  &c.  in  I77^» 
J773»  by  W.  Wales.  Introdudtion,  p.  53* 
Wales’s  Obfer.  p.  206* 
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face  32, — of  water  from  the  depth  of 
160  fathoms  53f  *• 

In  the  voyage  to  the  high  northern 
latitudes  before  mentioned,  they 

’k 

made  ufe  of  a bottle  to  bring  up 
water  from  the  bottom,  which  is 
thus  defcribed.  “ The  bottle  had  a 
coating  of  wool,  three  inches  thick, 
which  was  wrapped^  up  in  an  oiled 
Ikin,  and  let  into  a leather  purfe, 
and  the  whole  inclofed  in  a well- 
pitched  canvas  bag,  firmly  tied  to 
the  mouth  of  the  bottle,  fo  that  not 
a drop  of  water  could  penetrate  to 
its  furface.  A bit  of  lead  fhaped 
like  a cone,  with  its  bafe  down- 
wards, and  a cord  fixed  to  its  fmall 
end,  was  put  into  the  bottle  ; and  a 
piece  of  valve  leather,  with  half  a 
dozen  flips  of  thin  bladder  were 

I 4 flrung 

Walcs*8  Obfer.  p.  20^ 
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ftrung  on  ihe  cord,  which,  when 
pulled,  efFeftualiy  corked  the  bottle 
on  the  infide.’’  I have  here  put  down 
two  of  the  experiments  which  were 
made  during  that  voyage. 

Augulf  4,  1773,  north  latitude 
80®  30'.  The  heat  of  the  air  was 
32, — of  the  water  at  the  furface  36, — 
of  water  fetched  up  from  the  depth 
of  60  fathoms  under  the  ice  39 

September  4,  17739  north  lati- 
tude 65®.  The  heat  of  the  air  was 
66-^,— of  the  water  at  the  furface 
^3, — of  water  from  the  depth  of  683 
fathoms  40.  - 

It  appears  from  all  thefe  experi- 
ments that,  when  the  atmofphere 
was  hotter  than  the  furface  of  the 
Xea,  the  fuperficial  water  was  hotter 
. than 


* Voyage  towards  the  North  Pole,  p.  143* 
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than  that  at  a great  depth ; and  when 
the  atmofphere  was  colder  than  the 
furface  of  the  fea,  it  is  evident  that 
the  fuperficial  water  was  fomewhat 
colder  than  that  at  a confiderable 
diflance  below  it : and  I doubt  not 
that  this  will  generally  be  the  cafe, 
though  fudden  changes  in  the  tern* 
perature  of  the  atmofphere,  which 
cannot  be  inftantly  communicated  to 
the  fea,  may  occafion  particular  ex- 
ceptions. 

In  the  year  1779,  feveral  experi- 
ments were  made,  with  great  accu- 
racy, in  order  to  inveftigate  the  tem- 
perature of  the  lake  of  Geneva^  and 
of  other  lakes  in  Switzerland,  at  dif- 
ftrcnt  depths ; we  learn  from  them* 
that  in  winter  time  there  is  very 
little  difference  between  the  heat  of 

‘ the 
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the  water  at  the  furface,  and  at  a 
great  depth  below  it ; but  that  in 
fummer,  the  fuperficial  water  is  con- 
fiderably  warmer  than' that  which  is 
at  a great  diftance  from  the  furface^ 
The  experiments  were  made  with  a 
thermometer  graduated  after  Reau* 
mer*s  fcale  fome  of  them',  reduced 
to  Fahrenheit’s  fcale,  are  cxpreffed 
below. 

Temperature  of  the  lake  of  Ge» 
7ieva  at  different  depths,  in  the  be^ 
ginning  of  February  i779>  ^ 

month’s  uninterrupted  froft. 

Heat  of  the  open  air  variable 
^ from  37  to  40  degrees. 


Water  at  the  furfaee  of  the  lake,  - 

Depth  top  feet  - • 4^T 

Depth  250  feet  - - 4^'S' 

Depth  950  feet,  bottom  - 4*^^ 

In 
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In  another  part  of  the  lake,  open 
air  from  37  to  40. 


Surface  _ . • 

42I 

Depth  350  feet 

42I 

Depth  620  feet,  bottom  * 

• 

41U 

T emperature  of  the  lake  of  Netc 

chdtely  July  I7>  1779- 

• 

Air  ... 

75f 

Surface 

73i 

Depth  225  feet,  bottom 

41* 

* The  reader  will  find  a great  many  other 
experiments  of  the  fame  nature,  in  the  firft 
volume  (the  only  one  yet  publifhed)  of  a very 
- intereftlng  work,  intitled,  Voyages  dans  les 
Alpes,  par  Horace-Benedift  de  Sauflure,  Pro- 
fcflbr  of  Philofophy  at  Geneva. 
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©F  FRESH  WATER  PROCURABLE  FROM 
SEA  water,  by  congelation, 
AND  BY  DISTILLATION. 


^ ^1  *'HE  fccond  day  we  defcried 
JL  a main  bank  of  ice,  in  the  la- 
titude of  6o®.  We  wanting  frefli  water 
did  fail  clofe  to  this  land  of  ice,  and 
hoifted  out  our  boat  and  loaded  her 
twice  with  ice,  which  made  us  very 
good  freih  water  “ About  nine 

of 

* Capt,  Weymouth^s  Voy.  in  X$02.  Pur- 
chafs’  Col.  B.iv,  c.  13, 
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of  the  clock  in  the  forenoon  we  came 
by  a great  ifland  of  ice,  and  by  this 
iiland  we  found  fome  pieces  of  ice 
broken  off  from  the  faid  ifland,  and 
being  in  great  want  offrefh  water,  we 
' hoifled  out  our  boats  of  both  fhips, 
and  loaded  them  twice  with  ice,  which 
tnade  us  very  good  frefh  water  *** — 
The  pieces  of  ice  we  took  up  were 
hard  and  folid  as  a rock  ;^the  fait  wa- 
ter which  adhered  to  the  ice,  was  fo 
trifling  as  not  to  be  tafted,  and  after 
it  had  lain  on  deck  a little  time, 
intirely  drained  off ; and  the  water 
which  the  ice  yielded  was  perfedtly 
fweet  and  well  tafted 'f* *.” — “ In  the 
afternoon  we  filled  our  calks  with 

frefh 

* Capt.  Weymouth’s  Voy.  in  1602*  Puf- 
chafs*  Col.  B.  iv.  c.  13. 

, f Cook’s  Voy.  towards  the  S.  Pok  in  17 73» 

Vol.  I.  p.  37. 
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frefh  water,  from  the  ice,  which  waS 
found  very  pure  and  - foft  *.** 

Notwithftanding  thefe  teftimonies 
of  our  moft  experienced  navigators^ 
concerning  the  frefh  water  which 
they  procured  from  the  thawing  of 
■the  ice  they  found  floating  in  the 
fea‘;  yet  it  might  ftill  remain  a mat- 
;ter  of  doubt,  whether  the  ice,  from 
which  the  water  was  obtained,  had 
been  formed  in  the  fea,  and,  confe- 
^quentiy,  whether  fea  water  itfelf 
would  when  frozen  yield  frefli  water. 
Por  it  might,  with  fome  appearance 
of  probability,  be  faid,  that  the  ice 
had  either  been  formed  at  the  mouths 
of  large  frefh- water  rivers,  and  thence 
by  tides  or  torrents  drifted  into  the 
fea  ; or  that  it  had  been  broken  by 

its 

'*■  Phipps’s Voy.tbwardsthtN# Pok  in  ^773* 

p.  6o. 
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its  t>wn  weight  from  the  immenfe 
clifcs  of  ice  and  frozen  fnow,  which, 
in  countries  where  there  are  few  ri- 
vers, are  found  in  high  latitudes  to 
projed  a great  way  into  the  Tea  * 5 
or  laftly,  admitting  it  to  be  formed 
in  the  fea,  it  might  be  urged,  that  it 
was  formed  of  frefti  water,  not  of 
fait.  Fotherhye,  in  his  voyage  in  1614, 
efteems  fnow  the  original  caufe  of  the 
ice  found  at  fea,  for  he  obferved  it 
to  be  an  inch  thick  upon  the  furface 
of  the  fea ; and  Captain  Cook,  from 
his  own  obfervations  in  the  South 

Sea 

* Icebergs  arc  large  bodies  of  Ice  filling  the 
vallies  between  the  high  mountains. — Large 
pieces  frequently  break  off  from  the  Icebergs, 
and  fall  with  great  nolfe  into  the  water  : we 
obferved  one  piece  which  had  floated  out  into 
the  bay,  and  grounded  in  twenty-four  fathom ; 
it  was  fifty  feet  high  above  the  furface  of  the 
v^ater.  Phipps’s  Voy.  p.  70. 
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Sea,  was  diTpofed  to  think,  that  the 
vafl  floats  of  ice  he  met  with  in  the 
fpring,  were  formed  from  the  conge- 
lation of  fnow  *.  Without  doubt, 
the  fnow  which  falls  upon  the  furface 
of  the  fea,  being  in  a folid  ftate,  and, 
^bulk  for  bulk,  lighter  than  the  fea 
water,  will  not  readily  mix  itfelf  with 
it;  but  may,  by  a due  degree  of  cold 
in  the  atmofphere,  be  fpeedily  con- 
, verted  into  a layer  of  ice  ; the  upper 
furface  cf  this  firfh  layer  of  ice  being 
elevated  above  the  furface  of  the  fea, 
.will  receive  all  the  frelh  water  which 
falls  from  the  atmofphere  in  the  form 
.ol  fnow,  fleet,  *rain,  or  dew  ; by  the 
fucceflive  congelation  t-f  which,  the 
largcft  fields  of  ice  may  at  lafl:  be 
iormed.  Whether  the  ice  found  at 

fea, 

Voy.  towards  the  S.  Pole,  Vol.  IT.  p.  242, 
von.  II.  K 
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fea,  be  formed  according  to  any  one 
or  all  of  thefe  ways,  it  is  evident, 
that  it  is  produced  from  an  acenmu- 
' lation  of  congealed  frefh  water,  and 
that  we  cannot,  from  the  frelh  water 
procurable  from  ice  thus  formed, 
conclude  that  the  icc  of  frozen  fea 
water  would  yield  frelh  water. 

To  a navigator,  it  is  a matter  of  lit- 
tle confequence  to  determine  whence 
the  ice  which  fupplies  him  with  frelli 
water  is  produced,  he  is  fure  of  meet- 
ing with  more  than  enough  of  it  for 
his  purpofe  ,*  and  he  leaves  it  to  the 
leifure  of  philofophers  to  decide  the 
quellion,  whether  cofigealed  fea  wa- 
ter will,  when  thawed,  yield  frelh 
water.  They  have  decided  it  by 
adual  experiments,  made  with  every 
fuitable  attention.  Some  fea  water 
was  taken  up  off  the  North  Foreland, 

it 
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it  was  expofed  to  a freezing  atmo- 
fphere,  and  it  afforded  an  ice  perfedlly 
free  fronf  any  tafte  of  fait.  The  fpe- 
cific  gravity  of  the  water,  produced 
from  the  melting  of  the  ice,  was 
fomewhat  greater  than  that  of  diftil- 
led  rain  water,  and  fomewhat  lefs 
than  that  of  a mixture  of  rain  and 
fnow  water  taken  out  of  a water  tub. 
The  degree  of  cold,  in  which  the  fea 
water  froze,  was  284-  of  Fahrenheit’s 
thermometer,  or  3 4 lower  than  that 
in  which  common  water  freezes 
The  degree  of  cold,  however,  in 
which  fea  water  freezes,  cannot  be 
afcertained  in  general,  unlefs  it  can 
be  fliewn  that  the  fea  water,  taken* 
up  in  different  latitudes,  contains* 
equal  quantities  of  fait,  the  contrary 
of  which  is  probably  true.  And  in- 

general, 

^ Phllof.  Tranf.  for  1776,  p.  251  & 373*- 
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general,  the  greater  the  quantity  of 
fait  contained  in  any  portion  of  fea 
water,  the  greater  will  be  tiie  degree 
\of  cold  neceffary  to  freeze  it. 

We  had  a (harp  froft  at  Cambridge 
•on  the  21ft  of  laft  December;  I fill- 
ed a thin  phial,  holding  8 ounces, 
'Wnth  fea  water,  which  contained 
of  its  weight  of  fait,  and  expofed  it 
fufpended  from  the  branch  of  a tree, 
during  the  night  of  the  day  before 
mentioned,  to  the  cold  of  the  atmo- 
fphere.  In  the  morning  I found  that 
a part* of  the  water  had  been  frozen; 
I poured  the  unfrozen  part  from  the 
other,  and  having  rinfed  the  ice  in 
frefli  water,  fo  as  to  feparate  from  it 
the  fait  water  which  adhered  to  it, 
I thawed  it  before  the  fire,  and  found 
•the  water  which  it  gave  to  be  wholly 
free  from  fait. 
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It  had  been  long  ago  aflerted  by 
Macrobius  that  Tea  water  was  ne- 
ver frozen,  but  that  the  ice  found  at 
fea,  proceeded  from  the  freezing  of 
the  frefh  water  fpread  over  its  fur- 
face  by  the  influx  of  rivers.  And  in 
moderi;!  times,  the  opinion,  concern- 
ing the  freezing;  of  fea  water,  feems 
to  have  been  admitted  with  great 
caution,  by  our  moCh  experienced 
navigators.  They  were  awar^,  in- 
deed, that  the  Baltic  and  other  large 
fcas  were  frequently  frozen  quite 
over,  but  they  appear  to  have  thought 
that  falls  of  fnow  laid  a fufficient 

foundation  for  the  produdtion  of  that 

\ 

event,  without  its  being  at  all  ne- 
ceflTary  for  the  fea  water  to  freeze  d'*’* 

I cannot  conceive  that  there  was  anyO 

great- 

* Macrob.  Sat.  L.  vii.  c.  I2. 

"I"  Cook’s  Voy.Vol.  II.  p.  242.- 
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great  occafion  for  this  cautious  mode 
of  expreflion,  fince  it  had  been  ob- 
ferved,  above  a hundred  years  ago, 
that  not  only  fea  water,  but  water 
containing  double  the  proportion  of 
fait  commonly  found  in  our  fea  wa- 
ter, and  more  than  is  contained  in 
the  fea  water  of  any  climate,  might 
be  frozen  by  the  cold  prevailing  in 
Gur  atmofphere 

This  freezing  of  fea  water,  more- 
over, was  formerly  praftifed,  and,  I 
believe,  is  ftill  pradifed  in  feveral 
parts  of  the  north  of  Europe,  with  a 
view  to  leffen  the  ex  pence  and  trou- 
ble of  exrrading  fait  from  fea  water-f. 
Stahl  informs  us  of  a chemift,  who, 

near 

* Boyle’s  Works,  fol.  ed.  Vol.  IT.  p.  264. 

•j-  junck.  Conf.  Chem.  Tab.  xvlii.  f.  15- 
And  AVallcril  Mineral.  French  Tranf.  Vol.  L 
p.  316. 
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near  a century  ago,  endeavoured  to 
expedite  the  bufiners  of  making  fair, 
in  Sweden  and  Livonia,  by'means  of 
froft.  With  this  vi^w  he  propofed 
the  making  large  refervoirs  to  con- 
tain the  fea  water,  and  the  pumping, 
the  concentrated  brine  from  under 
the  ice  into  proper  veffels,  to  be  boil- 
ed in  the  ordinary  way.  He  obtain- 
ed a patent,  but  a combination  of 
filt-boilers  ruined  his  projed;  *. 

I cannot  fee  why  this  cuftom  might 
not  be  introduced  into  England  with 
great  advantage.  A third  part  at 
leaft  of  fea  water  may,  by  freezing, 
be  converted  into  ice  by  the  ordinary 
cold  of  our  winters : this  ice,  con- 
fiding entirely  of  frefli  water,  may  be 
thrown  away  as  ufelefs,  and  the  re- 
maining 

Tralt^  des  Scls,  par  M.  Stahl.  French 
Tranf.  1 771,  p,  143. 
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maining  two  thirds,  being  boiled 
down,  will  give  all  the  fait  contained 
in  the  whole  of  the  Tea  water ; thus 
there  vvould  be  a favirig  at  leaft  of 
one  third  part  of  the  fuel  employed  in 
boiling  fea  water  into  fait  *,  When 
it  is  faid,  that  the  unfrozen  fea  water 
contains  all  the  fait,  this  mufh  be  un- 
derflood with  fome  reflriiflion,  fipce 
it  is  probable  that  the  frozen  part 
will,  upon  mofl  occafions,  hold  a 
little  fait,  but  not  fo  much  as  is  con- 
tained 

* Briftol  and  other  voters  containing  earth, 
are  found  to  depofit  their  earth,  or  a great  por- 
tion of  it,  by  being  frozen^ — Brownrigg  on 
Salt,  p,  76.  Some  ice,  taken  from  under  the 
furface  of  the  fea  in  Hui.fnh  Strcights,  being 
melted,  gave  6 ounces  of  fait  from  40  quarts 
of  water. — It  is  probable  that  It  would  not 
have  given  fo  large  a proportion  of  fait,  hadWt 
been  previoufly  clcanfed  from  the  adhering  fea 
-water.  Phllof.  Tvanf.  1740,  ]p.  807. 
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tained  In  many  fpring  waters,  which 
are  reckoned  fufficiently  pure..  Eight 
pounds  of  frozen  Tea  water,  taken  up 
near  Calais,  left  upon  evaporation  32 
grains  of  refiduum,.  about  half  of 
which  ^was  Tea  fait.  The  fame  quan- 
tity of  unfrozen  fea  water,  taken  up 
at  the  fame  place  after  the  froft,  left- 
by  evaporation  1412  grains  of  refi- 
duum ; fo  that  the  water,  by  being.. 
• frozen,  had  freed  itfelf  from  i-38o‘ 
grains  of  heterogeneous  matter*. 

The  ice  found  at  fea  is  of  different 
colours  and  confiftencies : fomeispo- 
liflied  and  pellucid,  and  thought  to> 
be  frefh  water  ice  j another  kind  is 
of  a fpungy  texture,  and  of  a pale- 
green  colour  like  vitriol ; and  it  has 
been  affirmed,’  that  th^  kind  of  ice 

is 

* Jonrn.  ties  Scavans  Mr’,  1769.  Sec  alfo 
Boerh.  Cliem,  Vol.  I,  p.  721, 
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is  fait,  and  confifts  of  fait  water 
frozen  *.  This  is  a miftake,  both  as 
to  the  fad  and  the  reafon  of  it  j for 
the  vitriol  coloured  ice,  when  freed 
from  the  fait  waterin  which  it  fvvims, 
is  quite  fredi  f?  and  fea  water  when 
frozen,  we  have  feen,  does  not  yield 
■a  fait  ice. 

We  may,  perhaps,  be  lefs  furprifed 
at  the  particles  of  water,  in  which 
fea  fait  is  difTolved,  feparating  them- 
felves  from  the  particles  of  the  fait, 
and  coalelcing  together  without  ad- 
mitting any  jundion  with  fuch  a 
heavy  extraneous  body,  when  we 
confider,  that  during  the  adion  of 
fxeeziflg,  they  refufe  all  union  even 
with  the  air  itfelf.  Water  in  its  fluid 
^ ftate 

• Crantz’s  Hifl.  of  Greenland,  C.  I,  Crii. 
f.  13. 

f Philof.  Tranf.  for  1770,  p.  iii. 
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tlate  is  fatnrated  with  air,  but  it  is  in 
a great  meafure,  if  not  wholly,  de- 
prived of  it  by  being  frozen ; and 
modern  philofophers  have  followed 
the  opinion  of  Ariftotle,  in  attribut- 
ing the  infalubrity  (real  or  fuppofed) 
of  water  which  has  been  froien,  to 
the  lofs  of  its  air  *.  “ The  water'we 
melted  out  of  the  ke  (taken  up  at 
fea)  was  perfectly  frelh,  and  had  a . 
purer  .talfe  than  any  we  had  on 
-board.  If  any  fault  could  be  found 
with  it,  -it  was  that  the  fixed  air  was 

ex- 

* Non'folo  rigore^ivalis  aqua  perniciofa  eft, 
fed  ob  aliam  caufam  quam  non  pigebit  aperire 
audlore  Ariftotele.  Omnis  aqua,  inquit,  habet 
in  fe  aeris  tenulflimi  portionem  quae  falutaris  eft 
— nix  ergo,  quae  nihil  aliud  eft  qu^m  aqua  in 

acre  denfata,  tenuitacem  fui  cum  deniWietur 

• 

amifu,  et  ideo  ex  ejus  refolutae  potu  diverfa 
ir.orborum  genera  vifeeribus  infeminantur.  Ma- 
-crob.  Sat.  ® 
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expelled  from  it,  by  which  means 
almoft  every  one  who  ufed  it,  was 
atfcded  with  fwellings  in  the  glands- 
of  the  throat.  Water  melted  from 
fnow  or  ice  is  known  alxyays  to  have 
■ this  effi^h,  and  the  conftant  nfc  of  it 
in  mbnntainous  countries  produces 
thofe  enormous  wens  which  are  com^ 
rrion  among  Alpine  nations  If 
the  lofs  of  the  water’s  air  be  the  true 
caufe  of  the  tumid  throat  obferv- 
able  among  the  inhabitants  of  the 
Alps,  and  of  the  glandular  fwellings 
here  mentioned,  it  feems  as  if  a 
very  fimple  procef^  would  free  it 
from  this  noxious  quality,  and.  re- 
ftore  it  to  its  original  falubrity.  A 
• iimple  expofure  to  the  air,  for  a few 
day^,  would  be  fufficient  for  the 
piirpofe hnce  water,  which  has 

been 

^ Forfler’s  Voy.  Vol.  I.  p.  107^ 
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been  deprived  its  air,  imbibes  k 
afrdb  very  readily,  and  becomes 
faturated  witli  ir  in  no  great  length 
of  time.  And  this  readinefs  of  im- 
bibing air  makes 'a  material  differ- 
ence between  the  water  obtained 
from  the  fimple  thawing  of  fnow, 
and  river  water,  though  the  river 
water  itfelf  fliouicl  proceed  from 
melted  fnow ; for  being  in  its  courfe 
conflantly  expofed  to  the  air,  it  will 
foon  regain  the  air  wl|ich  it  had  lofl 
by  being  frozen. 

This  may  not  be  an  improper 
place  to  oV-ferve,  that  feveral  phyfi- 
:cians  have  rejected  the  notion  of  the 
life  of  fnow  water  being  ;he  caufe 
■of  the  wens  here  fpoken  of,  and  that 
upon  good  grounds.  For  in  Green- 
land^ where  fnow  water  is  commonly 
'Ufcdj  thefe  un lightly  protuberances’ 


are 
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are  never  met  with  *;  nor  did  I ever 
fee  one  of  them  in  Wefimor dandy. 
where  we  have  higher  mountains,, 
and  more  fnow  than  they  have  in 
Derby /hire,  in  which  county  they 
are  very  common.  But  what  puts 
the  matter  beyond  doubt  is,  that 
rhefe  wens  are  common'  in  Sumatra^ 
where  there  is  no  fnow  during  any 
part  of  the  year 

The  poffibility  of  extrad'ing  fredif 
water  from  fea  water  by  diftillation, 
has  been  long  known ; and  indeed 
it  feems  as  if  it  could  never  have 
been  quedioned  by  thofe,  who  duly 
refledfed  upon  the  origin  of  all  the 
frelh  water  we  meet  with. on  die  fur- 
face  of  the  earth.  The  geography 
of  the  globe  is  yet  but  imper^dtly  ^ 

known  j . 

* Rutty’s  Synop.  p.  42. 

f Philof.  Tranf.  for  1778,  p.  165, 
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. known  ; enough,  however,  is  known 
of  it'  to  convince  us  that  a much 
larger  portion  of  its  furface  is  occu-  / 
pied  by  fea  than  by  land.  The  At^ 
lantic  Ocean  appears  at  firft  view  to 
be  larger  than  the  whole  Weftern 
Continent ; and  the  area  of  the  reft 
of  the  habitable  world,  even  if  we 
take  into  confideration  the  land  re- 
cently explored  in  the  fouthern  he- 
mifphere,  feems  as  if  it  could'  not 
equal  half  that  immenfe  expanfion 
of  water  which  conftitutes  the  In- 
dian  and  Pacific  Oceans.  Philofo- 
phers  have  attempted,  by  meafuring 
the  moft  approved  maps,  and  by  . 
other  ingenious  methods,  to  afcer- 
tain  the  exa(ft  proportion  between 
the  land  and  fea ; great  precifion 
cannot  reafonably  be  expefled  to 
accompany  this  inquiry  ; but  when 

■ we  • 
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we  learn  from  one,  that  the-  Tea 
covers  near  three  fourth  parts  and 
from  another,  that  it  covers  four 
fifths  -f  of  the  furface  of  the  globe, 
we  may  furely  reft  fatisfied  of  the 
truth  of  the  general  pofition,  that 
there  is  a much  greater  extent  of  fea 
than  of  dry  land.  This  immenfe 
mafs  of  fait  water  which  furrounds 
the  globe,  is  the  great  primary  fource 
from  which  all  frefti  water  is  derived. 
The  vapour  which  is  inceffantly  ele- 
vated from  thence  by  the  heat  of 
the  Am,  the  adion  of  the  wind,  and 

other 

* See  Dr.  Longa’s  Aftron.  Vol.  T.  p.  i6'8. 

>{•  The  feas,  and  unknown  parts  of  the 
icarth  (by  a meafurement  of  the  bcft  maps) 
contain  160,522,026  fquare  miles;  the  inha- 
bited parts  38,990,569  ; Eur^e,  4,436,065; 
Afia,  10,768,829;  Africa,  5^,564,807;  and 
America,  14,1105874^  Tergufon’s  Tables, 
p.  300. 
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Other  lefs  obvious  caufes,  confiils, 
generally  fpeaking,  of  frefh  water, 
which  being  difcharged  from  the 
atmofphere,  in  the  form  of  dew,  rain, 
hail,  or  fiow,  conftitutes  fprings, 
rivers,  and  ftagnant  pools.  The 
taife  of  fea  water  is,  we  know,  not 
only  fait  but  bitter;  the  co?n?non 
Jalt,  which  occafions  its  faknefs,  and 
the  Efjom  fait,  which  occafions  its 
bitternefs,  can  neither  of  them  be 
raifed  in  vapour  (in  any  fenfible 
proportion)  by  the  fame  gentle  de- 
gree of  heat  with  which  water  may 
be  raifed  ; in  order,  therefore,  to  ob- 
tain frefh  water  from  fea  water,  we 
need  only  copy  the  procefs  of  nature, 
and  diftil  fea  water  with  a gentle 
hear.  This  method  of  obtaining 
frelh  water  from  the  diftillation  of 
fea  water,  was  prafUfed  by  Sir  R. 

VOL,  II,  L Hawkins, 
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Hawkins,  in  the  reign  of  Q^een 
Elizabeth  : — “ Although  our  frefli 
water  had  failed  us  many  days,  yet 
with  an  invention  I had  in  my  Chip, 
I eafiiy  drew  out  of  the  water  of  the 
fea  a fufficient  quantity  of  freQi  wa- 
ter, to  fuftain  my  people,  with  little 
cxpence  of  fuel ; for  with  four  bil- 
lets, I ftilled  a hogfhead  of  water, 
and  therewith  dreffed  meat  for  the 
fick  and  whole.  The  water  fo  dif- 
tilled  was  found  to  be  wholefome 
and  nourifning 

Since  the  time  of  Sir  R.  Hawkins, 
a great  variety  of  attempts  have 
been  made  in  our  own,  and  in  other 
countries,,  to  procure  frelh  water 
from  fea  water ; they  have  in  general 
been  little  elfe  than  different  modes 
of  diftillation,  but  many  of  the 

authors 


* Purchafs^s  CoUec.  of  Voy.  B.  vii,  c.  5* 
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authors  of  them,  either  from  an 
ignorance  of  the  real  nature  of  fea 
water,  or  from  a defign  of  render- 
ing their  procefs  myfterious,  have 
mixed  different  ingredients  with  the 
water  either  before  or  after  its  dif- 
tiriation.  The  manner  of  procuring 
frefh  water,  by  the  fimple  diftilla- 
tion  of  fea  water,  feems  at  prefent 
to  have  attained  a great  degree  of 
perfection,  both  in  Fr-ame  and  Eng- 
land. M.  de  Bougainville,  in  his 
Voyage  round  the  World,  has  borne 
honourable  teftimony  to  the  utility 
of  the  machine  for  diftilling  fea 
water,  which  was  made  public  in 
1763,  by  M.  Poijfonnier,  its  inventor. 
Lord  Mulgrave,  in  his  voyage  to- 
wards the  North  Pole,  in  1773,  has 
done  equal  jufticc  to  the  method  of 
obtaining  frefli  water  from  the  fea 

L 2 by 
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bv  diftillation,  which  was  introduc-ed 
into  the  Englilh  navy,  in  the  year 
1770,  hy  Dr.  Irving.  Whether  the 
invention  of  M.  Poiffonnier  fug- 
gefted  any  hints  to  Dr.  Irving,  is  beft 
known  to  himfclf ; but  he  has  un- 
queftionably  added  fuch  improvements 
to  that  method  (to  fay  no  more),  as 
feem  to  have  juftly  entitled  him  to 
the  parliamentary  reward  of  five 
thoufand  pounds,  which  he  has  ob- 
tained. The  French  are  as  jealous 
of  the  glory  of  their  nation  in  arts 
as  in  arms,  and  the  Englilh,  we 
truft,  will  never  be  their  inferior  in 
either  ; it  is  to  this  excefs  of  jealoufy 
'we  muft  attribute  the  acerbity,  with 
which  one  of  the  beft:  chemifts  of 
the  age  fpeaks  of  Dr.  Irving,  as 
having  deceived  the  Parliament  of 
England,  by  appropriating  to  him- 

felf 
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felf  the  difcovery  of  M.  Poiflbn- 
nier 

In  order  that  the  reader  may  have 
a clear  notion  of  Dr.  Irving’s  me- 
thod, let  ns  ftippofe  a tea-kettle  to 
be  made  without  a fpout,  and  with 
a hole  in  the  lid,  in  the  place  of  the 
knob  : then  the  kettle  being  filled 
-with  fea'  water,  the  /r^  vapour 
which  ariTes  from  the  fea  water  as  it 
boils,  will  ifl'ue  out  through  the  hole 
in  the  lid  ; into  that  hole  fit  the 
mouth  of  a tobacco  pipe,  letting  the 
flem  have  a little  inclination  down- 
wards, then  will  the  vapour  of  frefli 
water  take  its  courfe  through  the 
fteni  of  the  tube,  and  may  be  col- 
lefted  by  'fitting  a proper  vefftl  to 
its  end.  1 his  would  be  an  apt  re- 
prefentation  of  Dr.  Irving’s  con- 
trivance : 

* Baume’s  Chym.  Vol.  III.  p,  588. 

L3 


( i66  ) 

Trivance  : he  has  adapted  a tin  tube, 
of  fultable  dimenfions,  to  the  lid  of 
the  common  kettle  ufed  for  boiling 
the  provifions  on  board  a fhip  ; the 
freQi  vapour  which  arifes  from  boil- 
ing fea  water  in  the  kettle  pafles 
through  this  tube  into  a hogfhead, 
which  ferves  as  a receiver ; in  order 
that  the  vapour  may  be  readily  con- 
denfed,  the  tube  is  kept  cool,  by 
being  conftantly  wetted  with  a mop 
dipped  in  a tub  of  cold  fea  water. 

It  appeared  from  the  teftimony 
which  was  delivered  to  the  Lords 
of  the  Admiralty,  by  many  refpedl- 
able  officers  who  were  eye  witneffies 
to  an  experiment  made  on  board 
the  Arrogant^  at  Spithead,  in  January 
1771,  that  ‘‘  80  gallons  of  fea  water 
did,  in  twenty-five  minutes  after 
being  put  into  the  Arrogant’s  cop- 
per. 
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per,  and  a fire  made,  diftil  in  the 
proportion  of  twenty-five  gallons  per 
hour,  into  frefh  water,  perfedlly  well 
tailed,  and  of  lefs  fpecific  gravity 
than  the  bed  fpring  water  in  that 
neighbourhood  -y'  and  the  faid  offi- 
cers gave  it  as  their  opinion,  that 
500  gallons  of  freffi  water  might,  be 
didllled  in  the  fpace  of  24  hours, 
with  the  fame  quantity  of  fuel  in 
proportion  to  the  time,  as  is  required' 
in  the  ordinary  bufinefs.  of  the  Ihip. 
Every  fhip’s  kettle  is  divided  into 
two  parts,  by  a partitiondn  the  mid- 
dle ; one  of  thefe  parts  is  only  in  ufe 
when  peafe  or  oatmeal  are  drefifed,. 
but  water  is  at  the  fame'  time  kept 
in  the  other  to  preferve  its  bot- 
tom. Dr.  Irving  has  availed  him- 
felf  of  this  circumftance,  and,  by 
filling  the  fpare  part  of  the  copper 
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with  fea  water,  and  fitting  on  the 
lid  and  tube,  he  has  fhewn,  that  6o 
gallons  of  frefh  water  may  be  drawn 
off,  during  the  boiling  of  either  of 
theabpve-mentioned  provifions, with- 
out the  ufe  of  any  additional  fuel  : 
he  recommends  alfo  the  preferving 
the  water  which  may  be  diflilled 
from  the  coppers  in  which  peafe, 
oatmeal,  or  pudding  are  drefTing, 
as  both  a falutary  beverage  for  the 
fcorbutic,  and  the  mofl  proper  kind 
of  water  for  boiling  of  fait  provi- 
fions. 

In  November  1771,  Lord  Sand^ 
wich  fent  me  two  bottles  of  the  beft 
diflilled  water  which  could  be  pre- 
pared by  Dr.  Irving  from  fea  water, 
defiring  my  obfervations  upon  it.  In 
compliance  with  his  Lordilfip’s  re- 
quell, 1 made  the  following  experi- 
ments, 
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merits,  of  which  I fent  him  an  ac- 
count, without  venturing  to  give  the 
moft  diftant  opinion  concerning  the 
falubrity  or  infalubrity  of  the  water. 
— Exper.  I.  Four  ounces  of  the 
diftilled  fea  water  being  evaporated 
by  a flow  fire,  upon  a filver  plate, 
left  a pellicle,  which  was  very  fenfi- 
bly  faline  to  the  tafte,  and  glutinous 
to  the  touch. — 2.  Four  ounces  of 
the  conduit  v/ater  of  Trinity  college, 
treated  in  the  fame  manner,  left  a 
pellicle,  but  not  quite  fo  large,  nor 
fo  manifeftly  fapid,  as  that  from  the 
diftilled  fea  water.  — 3.  The  fame 
quantity  of  common  diftilled  water, 
being  evaporated  in  the  fame  way, 
left  no  fenfible  pellicle.  — 4.  The 
fame  quantity  of  common  diftilled 
water,  impregnated  with  a fmall  drop 

of 
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of  fplrit  of  fait,  left  no  pellicle  upon 
the  whole  furface  of  the- plate,  but 
only  a yellbwilh  fpot  ‘upon  that  part 
of  it  from  which  the  laft  portion  was 
evaporated  ; this  fpot  was  glutinons> 
to  the  touch,  and  had'  a bitter  metal- 
line tafte. — 5.  The  fame  quantity  of 
common  diftilled  water,  impregnated 
with  two  grains  of  fea  fait,  left  a 
pellicle  fimilar  to  that  left  by  the: 
diftilled  fea  water,  except  that  it  was 
fomewhat  whiter,  had  a lefs  piquant 
tafte,  and  a lefs  glutinous  conliftency.. 
From  the  4th  and  5th  experiments, 
compared  with  the  firft,  it  may  be 
inferred,  that  the  diftilled  fea.  water,* 
which  1 examined,  contained  a fmall 
portion  of  fea  fait,  and  alfo  a fmalt 
portion  of  the  acid  of  fea  fait  iin- 
combined  with  any  bafis.  A very 

minute 
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minute  portion  of  Tea  fair,  or  of  the- 
acid  of  fea  fait,  may  be  difcovered- 
in  a large  quantity  of  water,  by  the 
milkinefs  which  enfues  on  dropping, 
into  a glafs  full  of  the  water,,  a drop 
or  two  of  a faturated  folution  of  fil- 
ver  in  the  acid  of  nitre. — 6.  I drop- 
ped a folution  of  fiver  in  acid  of 
nitre  into  common  diftilled  water ; 
no  milkinefs  enfued,  nor  was  the 
tranfparency  of  the  water  changed. — 
7.  Into  an  equal  quantity  of  the  dif- 
tiiled  fea  water,  I dropped  an  equal 
number  of  drops  of  the  folution  of 
fiver;  the  water  became  very  turbid^ 
and  a copious  white  precipitation  en- 
fued.. Thefe  experiments  fhew,  that 
the  diftilled  fea  water  is  not  wholly 
free  from  faline  particles ; but  it 
prol^ably  contains  them  in  fo  fmall  a 

pro- 
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proportion,  as  not  to  injure  its  falu- 
brity  in  any  fenfible  degree. 

We  may  be  the  more  difpofed  to 
admit  the  poflibility  of  diftilled  fea 
water  containing  faline  particles, 
when  we  refled  upon  the  fmell  of 
the  acid  of  fea  fait,  which  circulates 
through  the  houfes  in  which-  fait  is 
prepared,  by  boiling  either  fea  water 
or  brine.  The  vapour  which  arifes 
from  the  pans  in  which  fait  is  boiled, 
being  caught  and  condenfed  in  pro- 
per veflels,  and  examined  by  proper 
tefts,  gives  indications  both  of  fea 
fait  in  fubftance,  and  of  its  acid.  It 
is  not  an  eafy  matter  to  afcertain  the 
precife  degree  of  heat,  in  which  fa- 
line  particles  begin  to  accompany 
the  vapour  which  is  raifed  from  fo- 
lutions  of  fea  fait  i it  is  probably  a 

degree 
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degree  far  inferior  to  that  in  which 
water  boils : at  lead  we  are  certain 
that  faline  particles  are  found  in  rain 
and  fnow  water,  both  of  which  are 
derived  from  vapours  raifed  into  the 
atniofphere  by  the  a6lion  of  the  fun 
upon  the  ocean. 


ESSAY 


ESSAY  VI. 


OF  calcareous  earth,  crude 


AND  CALCINED. 


HE  word  Cah  has  been  intro- 


duced into  the  Englifh  language 
from  the  Latin  ; it  properly  denotes 
the  fiiable  earth,  to  which  fome  forts 
of  bodies  are  reduced  by  fire  : the 
operation  by  which  they  are  reduced 
to  that  (late,  is  called  calcination^  and 
a very  large  clafs  of  bodies,  from 
their  being  peculiarly  fubjed:  to  be 
converted  by  fire  into  a calx,  have 
I been 
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been  denominated,  by  various  minc- 
ralogifts,  calcareous  bodies : the  calx 
or  powdery  earth,  procured  from 
calcareous  fubftances  by  calcination, 
is  commonly  called  lime^  more  phi- 
lofophically  quicklime. 

Lead,  iron,  tin,  and  feveral  other 
mineral  fubftances,  may  refpeftively 
be  reduced  by  fire  to  the  ftate  of  a 
calx  ; but  the  earths  obtainable  from 
thefe.  fubftances  by  calcination,  noc 
poflefiing  the  other  general  qualities 
appertaining  to  the  calces  of  calcare- 
ous fubftances,  are  not  called  quick- 
limes, but  calces  of  this  or  that  ftib- 
ftance  from  which  they  are  prepared. 

In  CambridgeJJoirey  and  many  of  the 
fouthern  counties  of  England,  lime 
is  prepared  from  the  calcination  of 
chalk,  or,  as  it  is  here  generally  called, 
chinch.  The  kilns  are  inverted  cones 

funk 
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lunk  in  the  earth,  and  lined  with 
brick  ; the  bafe  of  the  cone  is  about 
ten  feet  in  diameter,  and  the  depth 
of  the  kiln  is  about  fourteen  feet. 
One  of  thefe  kilns  will  burn  about 
150  bufhels  of  lime  in  twenty- four 
hours;  they  ufe  generally  one  bufhel 
of  coal  for  eve-iy  four  bufhels  of 
lime,  and  in  fummcr,  when  the  chalk 
is  dry,  they  will  fometimes  get  five 
bufliels  of  lime  from  the  confump- 
tion  of  one  bufhel  of  coal ; but  coal 
being  dear,  the  chalk  is  feldom  well 
-burned.  In  JValej\  ' Weftmoreland^ 
Derbyjhirey  and  many  other  counties, 
they  burn  different  forts  of  limejioney 
fome  of  them  approaching  to  the 
finenefs  of  marble.  In  Hollandy 
where  they  have  neither  chalk  nor 
limeftone,  they  drag  fifh  Jhells  out  of 
the  fea  with  nets  drawn  by  horfes, 
VOL.  II.  M and 
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and  burn  the  fliells  into  lime.  In 
the  iflands  of  the  fouthern  hemifpherc 
they  burn  coral  rocks  inio  chenam  or 
lime ; and  in  fome  parts  of  America 
they  calcine  madrepores,  and  other 
fpecies  of  coral,  for  the  fame  purpofe. 
Lime  may  alfo  be  prepared  from  the 
calcination  of  all  kinds  of  marble ; of 
various  kinds  of  Jpcif  I of  fiala5iites, 
otherwife  called  dropftone,  and  in 
Derbyihire  watricle  ; and  of  fevcral 
other  fubftances  which  confift  of  cal- 
careous eaHh,  cither  pure,  or  mixed 
with  clay  oc/and,  or  other  matters  in 
-different  proportions.  In  Chejhire, 
and  other  countries,  where, they  have 
no  common  materials  for  making  of 
lime,  it  would  be  worth  while  to  ex- 
amine the  earths  which  may  be  met 
with  upon  the  furface  of  the  ground, 
,or  at  a little  diftance  below  it;  for 

.cal- 


( 179  ) 

/Calcareous  fubftances  are  not  always 
'United  into  hard  corapa<5l  madesj  but 
are  fometimes  found  in  the  form  of 
earth,  and  that  of  different  colours. 

Calcareous  fubflances  are  in  fome 
countries  calcined  with  pit-coal,  in 
• others  with  the.  cinder  of  pit-coal,  in 
others  v/ith  wood,  in  others  with 
.peat,  in  others. with  furze;  the  kind 
of  fuel  'feems  to  be  of  no  confe- 
,quence,  provided  the  degree  of  heat 
-be  the  fame.  Some  forts,  indeed,  of 
pit-coal  are  apt,  efpecially  when  ufed 
in  large  quantities,  to  cake  together, 
/and  thus  hindering,  in- fome  meafure, 
the  equal  diffufion  of  .the  heat,  the 
ftone  remains  unburned.  In  order 
/that  the  heat  may  penetrate  through 
every  part  of  the  fubflance  to  be 
calcined,  it  is  ufual  to  break  it  into 
-fraall  pieces ; but  if  the  calcareous 
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ftone  happens  to  be  naturally  fhaketi 
or  fplit  into  layers,  large  pieces  may 
be  calcined,  by  placing  them  fo  that 
the  flame  of  the  fuel  may,  in  af- 
cending,  find  its  way  between  the 
feveral  layers  of  which  the  ftone  con- 
fifts.  In  fome  parts  of  Yorkftiire 
they  burn  pieces  of  this  fort  of  ftone, 
a foot  in  thicknefs,  and  a foot  and 
a half  in  length,  without  breaking 
them  ; they  ufe  generally  eight  dozen 
of  coal  to  a kiln,  and  obtain  twenty- 
two  dozen  of  lime,  the  dozen  con- 
taining thirty-fix  bufhels. 

It  is  probable  that  there  is  a certain 
definite  degree  of  heat,  to  which  any 
'particular  kind  of  calcareous  fub- 
ftance  ought  to  be  expofed,  in  order 
to  its  being  converted  into  the  beft 
poflible  lime.  If  the  heat  be  too 
fmall,  the  whole  of  the  fabftance  will 

not 
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not  be  converted  into  lime  : and  on 
the  other  hand,  it  is  poffible  that 
the  heat  may  be  fo  great  as  to  re- 
duce  the  fubftance  to  a kind  of  glalfy 
Jcoria  j and  whenever  it  becomes  vi- 
trified, it  will  lofe  the  properties  of 
lime.  I am  aware  of  what  is  sene- 
rally  faid,  that  calcareous  bodies, 
when  pure,  cannot  be  vitrified  with 
the  greateft  degree  of  heat  but 
though  the  heat  of  a chemical  fur- 
nace may  not  be  fofficient  for  the 
purpofe,  yet  there  is  reafon  to  believe 
that  a fuperior  degree  of  heat  may 
effed  a kind  of  vitrification  ; certain 
it  is,  that  the  lime  burners  are  care- 
ful not  to  give  too  much  hear,  left 
they  fhould  injure  the  quality  of 
the  lime.  When  the  heat  has  been 
too  violent,  they,  in  many  kilns, 
find  feveral  pieces  of  liinellone  co- 
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vered  with  a glafly  coat,  and  flicking 
together.  1 do  not  take  upon  me 
abrolutely  to  fay,  that  this  effeft  is* 
to  be  aferibed  to  a beginning  vitrifi- 
cation of  the  limeftone;  it  may  either  i 

• 1 * 

proceed  from  thence,  or  it  may  be 
accounted  for  by  faying,  that  the 
aChes  of  the  fiiel  adhering  every  where  i 
to  the  furface  of  the  calcareous  fub-  ; 

jr 

ftance,  have,  in  particular  places, 
where  they  happen  to  be  amaffed  in  ; 
fufficient  quantity,  contributed  to  , 

its  vitrification.  This  vitrification  of 
calcareous  earth,  when  mixed  with  | 
other  fubftances,  is  obvious  enough  j 

in  the  iron  furnaces,  where  they  are  | 
accuftomed  to  mix  limeftone  with  the  j 
iron  ore,  the  jeoria  ox  flag  of  an  iron  | 
furnace  perfectly  refembling  glafs.  \ 

There  is  a very  fingular  experi-  | 

ment,  which  may  be  properly  men-  , 

- tioned  ‘ 
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ttoned  In  this  place.  Mix  well  to- 
gether equal  weights  of  powdered 
chalk,  or  other  calcareous -body,  and' 
powdered  pipe  clay,  put  the  mixture, 
into  a crucible"^.  Any  where  to- 
wards the  middle  of  the  crucible,  put 
two  folid  pieces,  one  of  pure  chalk,, 
the  other  of  pure  clay,  fo  that  they 
may  not  be  contiguous  to  each  other,, 
but  be  every,  where  feverally  fur- 
rounded  with  the  mixture  of  chalk 
and  clay;  then  by  expofing  the  whole 
to  a ftrong  degree  of  heat  for  a fuffi- 
cient  length  of  time,  it  will  be  found- 
that  the  mixture  has  been  converted 

into- 

* Cnicibres  are  round  or  triangular  veflels  of 
different  dimenfions,  wider  at  the  top  than  at 
the  bottom;  they  are  principally  u fed  for  the 
melting  of  metals,  and  are  made  of  clay  and 
fand,  or  of  clay  and  black  lead,  or;offuch  other 
materials  as  can  rclfft  the  llrongeft  fires  without 
melting, 
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into  glafs ; and  upon  breaking  the 
vitrified  mafs,  we  fliall  difeover  the 
two  folid  pieces  of  chalk  and  clay, 
unvitrified,  and  unaltered  in  their 
figure,,  though  every  where  fur- 
rounded  with  glafs.  Any  other  fort 
of  clay  would  probably  anfwer  the 
purpofe  as  well  as  pipe-clay  ; but  I 
have  always  made  the  experiment 
with  that,  as  being  one  of  the  pureft 
clays..  From  this  experiment  it  is 
certain  that  a mixture  of  calcareous 
earth  and  clay  is  reducible  to  glafs,. 
in  a degree  of  heat  which  is  not  fu£- 
ficient  to  vitrify  either  of  thefe  fub- 
ftances  when  pure.  The  clay,  of 
which  bricks  and  tiles  are  made,  of- 
ten contains  a quantity  of  calcare- 
ous earth;  and  hence  we  may  under- 
hand the  reafon  why  ordinary  bricks 
and  tiles  are  not  able  to  refill  a great 
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degree  of  heat : a tile  covering  a 
crucible  is  often  quite  vitrified,  vvhilfb 
the  crucible  remains  unaltered,  the 
tile  being  a mixture  of  clay  and  cal- 
careous earth,  and  the  crucible  being 
made  of  pure  clay  and  fand. 

It  is  well  known,  that  lime  is 
lighter,  bulk  for  bulk;  than  the  chalk 
or  (lone  from  which  it  is  made,  fome 
fubftance  therefore  or  other  is  diffi- 
pated  during  the  calcination  ; the 
nature  of  this  fubftance  will  be  in- 
quired into  hereafter,  at  prefent  our 
concern  is  to  afcertain  its  quantity.. 
The  fubftances  wluch  1 converted 
into  lime  were,  fine  white  marble 
called  ftatuary  marble  ; Sienna  mar- 
ble; fine  tranfparent  cryftallized  fpar, 
of  that  fpecies  which  mineralogifts 
have  denominated  hexagonal  trun- 
cated ; rhomboidal  opaque  refrading 

fpar  5 
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fpar ; rhomboidal  tranfparent  refraft- 
ing  fpar ; all  thefe  fpars  from  Der^ 
byfhire ; a marble,  of  a blueifti  call, 
called  dove-marble  ; purple- veined 
marble  ; Clitheroe  litneftone  ; Pur- 
beck  ftone ; chalk  from  Cherry  Hin- 
ton, nearCambridge;  Portland  ftone; 
Ketton  ftone  from  RutlandQiire,  dc- 
nominated  hajmmUs,  from  its  being 
compofed  of  globules  refembling  the 
roes  of  fifties.  common  die  is  a 
little  cube;  if  we  fuppofe  the  length; 
breadth,  and  thicknels  of  a die,  to  • 
be  refpedlively  increafed,  till  each  of 
them  becomes  equal  to  an  inch,  foot, . 
yard,  or  mile,  then  will  the  die  be- 
come a cubic  inch,  a'  cubic  foot,  yard 
or  mile.  The  weight  of  a cubic  foot 
of  water  is  fbund,  by  experiment,  to  * 
be  precifely  equal  to  looo  avoirdu- 
pois ouncesi  AlTuming  then  the 

weight 
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weight  of  a cubic  foot  of  water  to  be 
looo  ounces,  by  a method,  fufficient- 
ly  explained  in  books  which  treat  of 
Hydroftatics,  I calculated  what  would 
be  the  weight  of  a cubic  foot  of  each 
of  the  calcareous  fubftances  which 
I converted  into  lime. 


Weight  of  a cubic  foot  of 


Water  - - - 

Purple-veined  marble 
Sienna  marble 
Statuary  marble 
Cryftalllzed  fpar 
Rhomboldal  opaque  fpar 
Dove-eoloured  marble 
Rhomboidal  tranfparent  fpar 
Clitheroe  limeftone 
Purbeck  ftone 
Chalk,  near  Cambridge 
Portland  ftone 
Ketton  ftone 

I 

ivledium  of  the  12  forty 


lOOO- 

2750 
2729 
2725 
2701 
2700 
2694 

2%  i>9. 
2686 
2680 
26s^ 

2461 

2456 


> 

<: 

o 

-r 

Cu 

C 


o 

a 

3 

o 

rt> 

CO. 


2661 
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It  is  unneceflary  to  trouble  the 
reader  with  a particular  detail  of 
each  experiment,  in  which  one  or 
other  of  thefe  fubdances  was  con- 
verted into  lime  ; he  will  judge  it 
fufficient  to  be  informed  of  the- 
general  method  of  proceeding,  and 
to  be  made  acquainted  with  the 
general  refult.  The  method  con- 
fided in  feleding  pure  pieces  of  the 
feveral  fubdances,  and  putting  fonie- 
times  two,  fometimes  three  of  them 
into  a crucible  filled  with  fand  ; 
care  was  taken  that  the  pieces  nei- 
ther touched  each  other  nor  the  fide 
of  the  crucible  ; the  crucible  was 
then  expofed  to  a very  drong  fire 
for  four  hours : none  of  the  pieces, 
weighed  more  than  an  ounce,  fo 
that  the  fire  to  which  they  were  ex- 
pofed,  it  is  apprehended,  was  quite 

fuffi- 
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fuflicient  to  convert  them  into  per- 
fect quicklimes ; they  were  all  dry, 
and  were  weighed  very  accurately 
before  and  after  calcination,  and  in 
the  weighing  after  calcination  great 
•^care  was  taken  to  free  them  from 
every  particle  of  fand,  and  to  weigh 
them  before  they  were  quite  cold. 
The  following  table  comprehends  in 
one  view  the  different  refults  of  the 
feveral  experiments;  the  firfl  column 
mentions  the  different  forts  of  calca- 
reous fubftances  with  which  the  ex- 
periments were  made  ; the  fecond 
expreffes  in  hundred  weights,  quar- 
ters, and  pounds,  the  quantity  of 
lime  which  a ton  of  each  refpedivc 
fubftance  would  yield  by  calcina- 
tion ; thefe  numbers  were  derived, 
by  the  rule*  of  proportion,  from  the 
fmall  weights  ufed  in  the  experi- 
ments ; 
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ments-;  the  third  column  exhibits 
the  weight  of  the  matter  diflipated 
from  each  calcareous  fuhflance  dur- 
ing the  calcination. 


C.  q.  lb. 

C.q.  Ib.j 

Purple-veined  mafble 

11  1 24 

824 

Purbeek  ftonc 

II  1 22 

826 

CHtheroe  limeftone 

II  I 17 

8 2 11 

Dove-(Coloured  marble  > 

II  I 13 

8 2 15 

Chalk  ' - - 

11  I 9 

8 2 19 

Sienna  marble 

II  I 7 

8 2 21 

Portland  ftone 

11  I 4 

8 2 24 

Ketton  ftone 

II  I 2 

8 2 26 

Statuary  marble 

II  I I 

r-- 

CO 

Rhomboidal  tranfp.  fpar 

III  0 

830 

Rhomboidal  opaque  fpar 

II  0 12 

00 

Cryftallized  fpar 

110  I 

8 3 27! 

/ 

Med.  of  lime  from  a ton 
■Medium  lofs  of  weight  T 
in  a ton  = J 

II  1 4| 

8 3 23I 

■Havin-o; 

c? 
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'Having  formed  this  table  from 
my  own  experiments,  I was  willing 
to  fee  what  correfpondence  it  bore 
with  the  experiments  cf  others. 
Authors  feldom  exprefs  themlelves 
on  this  fubjed.  with  fufficient  preci- 
fion  ; I have  met,  'however,  with 
fome  experiments  which  feem  to 
have  been  made  with  great  accuracy, 
.and  I have  from  them  calculated  the 
.'following  table  upon  the  fame  prin- 
ciple as  the  ^preceding. 


Conr- 
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C.  q.  Ib. 

C.q.lb* 

Courcelles  limeftone 

1 1 2 2 

8 1 26 

Calcareous  earth  feparat- 

ed  from  marie 

II  I 23 

8 2 5 

]|  Calc,  earth  from  marie 

1 1 I 20 

828 

^ Chalk  . 

III  9 

8 2 19 

§ Vienna  limeftone 

II  I 0 

830 

* Courcelles  limeftone 

II  0 24 

83.4 

Swedifh  limeftone 

II  0 18 

8 3 10 

Gothland  coral 

II  0 12 

8 3 16 

^ Fi(h  {hells 

II  0 6 

8 3 22 

* Courcelles  limeftone 

IX  0 I 

8 3 27 

■f  Chalk 

II  0 0 

90  0 

§ Vienna  limeftone 

10  2 14 

9 I 14 

Med.  of  lime  from  a ton 

II  0 20j\ 

Medium  lofs  of  weight  | 

8 3 ^ 744 

■ 

in  a ton 


From 

* Paris  is  principally  fupplicd  with  lime  from 
the  Courcelles  limeftone  : — the  three  piece* 
here  mentioned  were  burned  in  an  ordinary 
lime-kiln  for  30  hours.  Mem,  de  l’Acad.  1747* 
p.  62, 
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■From  the  bare  infpedion  of  thefe 
tables  it  is  obvious,  that  calcareous 
fubftanccs  of  different  kinds  and 
countries,  do  not  differ  much  from 
each  other  in  the  quantity  of  lime 
which  a ton,  or  any  other  definite 
weight  of  them,  would  yield  by  cal- 
cination. 

Though  I had  every  reafon  to  be- 
lieve, that  the  experiments  from 
which  I calculated  the  tables  were 
made  with  as  much  accuracy  as  the 
-nature  of  the  fubjecl  would  admit  ; 

yet 

I 

J Philof.  Tranf.  1773,  p.  1 61. 

II  Eden.  Eff.  Vol.  IlL  p.  16. 

f Dr.  Black,  to  whom  we  are  indebted  for 
our  knowledge  of  the  conftitucnt  parts  of  cal- 
careous earth.  Eden.  Eff.  Vol.  II. 

^ Prof.  Jacquin’s  Exam.  Chem.  Doc.  Mey. 
Vienna,  1769. 

^ Wallerius,  Swed.  Mem,  1760, 

N 
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yet  I thought  it  would  add  greatly 
to  their  confirmation,  if  it  could  be 
fliewn  that  the  quantity  of  lime 
really  procured  from  calcination  of 
a ton  of  chalk  or  limeftone,  was  not 
^much  different  ■ from  . the  medium 
quantity  afeertained  by  the  experi- 
ments. I went,  therefore,  to  one 
of  the  kilns  of  this  country,  where 
they  burn  chalk  into' lime;  and  I 
firft  weighed  four  bufhels  of  chalk, 
which  had  been  dried  by  the  heat  of 
a hot  fummer;  the  medium  weight 
of  the  four  bufliels  was  86f  pounds: 
I then  weighed  four  bufhels  of  the 
lime,  warm  from  the  kiln,  the  me- 
dium weight  of  which  was  66~ 
pounds.  Calculating,  from  thefe 
numbers,  the  weight  of  lime  which 
a ton  of  chalk  would  yield,  it  will 
be  found- to  amount  to  15c.  iq.  7ib. 

. —This 
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—This  quantity  of  lime  being  fo 
different  from  what  I expeded,  I 
brought  a piece  of  the  chalk  to  my 
elaboratory.  I then  weighed  it  ac- 
curately, and  found  that  a month  ' 
after,  though  .the  weather  was  hot,  it 
had  neither  gained  nor  loft  weight, 

I then  convened  it  into  lime,  and  it 
gave  after  the  rate  of  i ic.  iq.  iqlb. 
ef  lime  from  a ton ; or  3c.  3q.  i61b. 
lefs  than  what  the  fame  chalk  when 
burned  in  the  kiln  would  yield.  I 
take  this  difference  to  be  wholly 
attributable  to  the  fuperior  degree 
of  heat  with  which  the  chalk  in  my. 
experiment  was  burned.  It  is  to  be 
wnfhed  that  more  coal  was  11  fed  in 
tlie  burning  of  lime  in  this  country  ; 
for  if  a ton  of  chalk,  when  properly 
burned,  ought  to  weigh  only  about 

II  hundred  weight,  and  it  does  or- 

N 2 dinarily 
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dinarily  weigh  about  1 5 hundred 
weight,  it  is  obvious  that  the  pur- 
chafer  has  about  4 parts  in  1 5 which 
are  not  lime  but  chalk  ; and  to  this 
caufe  are  to  be  referred  the  hard 
lumps,  which  are  found  in  the  lime 
of  this  country,  when  it  is  flacked  ; 
thefe  lumps  being  nothing  but  chalk 
which  is  not  burned  into  lime  for 
want  of  a fufficient  fire  ; the  expence 
alfo  of  carrying  4 tons  of  chalk  in 
every  15  tons  of  lime,  is  a circum- 
stance  not  to  be  neglected. 

At  Pennybridge,  in  Lancafliire, 
they  burn  a hard  liraeftone.  A Win- 
chefter  bufltel  of  this  ftone  weighed 
1841b.  The  .fame  meafure  of  the 
lime,  when  juft  burned,  weighed 
1 091b.  Thefe  numbers  give  iic. 
5 q.  II  lb.  of  lime  from  a ton  of 
the  ftone. 


( 
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The  lime  burned  at  Clitheroe,  m 
Lancalbire,  is  reckoned  to  be  as  good 
as  any  in  the  kingdom,  when  applied 
either  as  a manure  or  "as  a cement  : 
a bulhel  up-heaped  of  the  belt  crude 
ftone  weighed  147  pounds,  an  equal 
meafure  of  the  fame  ftone  after  cal- 
cination weighed  7 1 pounds ; from 
this  proportion  it  follows,  that  the 
Clitheroe  limeftone  would  give  only 
9 c.  2 q.  171b.  of  lime  from  a ton 
of  the  done, — this  conclufion  might 
be  rendered  more  certain  if  the  me- 
dium weight  of  feverai  bulhcls  was 
taken.  It  may,  however,  be  ex- 
pelled that  the  Clitheroe  limeflone 
Ihould  lofe  more  weight  than  the 
Cambridgefhire  chalk  does,  for  in 
burning  it  they  ufe  at  lead  twice  as 
much  coal,  or  one  meafure  of  coal 
to  two  of  lirnedone.  This  propor- 
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tion  of  coal  is  a very  great  one.  At 
Knarelborough,  where  they  burn  a 
kind  of  limeftone  formed  by  petre- 
fadion,  they  ufe  i bulhel  of  coal  to 
3 of  lime. 

From  what  has  been  faid,  it  muff' 
be  concluded,  that  calcareous  fub- 
ftances  have  a very  great  refemblance 
to  each  other,  as  ro  the  quantity  of 
that  matter  which-  is  difperfed  from 
equal  weights  of  them  during  calci- 
nation ; and  here  a curious  queflion 
prefents  itlelf,  which  cannot  be  eafily 
decided  : — Is  the  difference  in  the 
quantity  of  lime,  procurable  from 
equal  weights  of  different  calcareous 
'fubflances,  ro  be  accounted  for, 
from  the  different  proportion  in 
which  the  earth  remaining  after  cal- 
cination is  united,  in  the  crude  fub- 
ftance,  with  the  volatile  part  difperfed 

' during 
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tluFing  calcination  ; or  does  it  pro- 
ceed from  fome  unavoidablednaccu- 
racy  in  making  the  fcveral  experU 
memts  ?— It  mufl  be  acknowledged 
that  it  is  difficult  to  fay  whether  the 
bodies  are  eqtially  dry  before  they 
are  fubmitted  to  calcination,  unlds 
\vc  knew  the  precife  degree  of  force 
with  which  they  imbibed  and  retain- 

j 

ed  the  humidity  of  the  atmofphere ; 
it  is  difficult  alfo  to  give  them  ex- 
acUy  the  fame  degree  of  heat  during 
their  calcination,  and  to  weigh  them 
whilfl  they  are  equally  warm  ; the 
greatefl  attention,  . moreover, ..-cannot 
always  prevent  a lofs  of  fomC'  part 
of  the  fubdance  to  be  weighed, 
nor  a gain  in  weight  from  the  ac- 
cretion of  fome  heterogeneous-  mat- 
ter ; yet,  notwithftanding  thefe,  and, 
perhaps,  other  fources  of  error  in 
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making  the  .experiments,  I am  rather 
difpofed  to  think,  that  the  propor- 
tion in  which  die  fixed  earth  is  united 
to  the  volatile  fubftance,  is  not  the 
fame  in  all  calcareous  bodies. 

A piece  of  dry  chalk  and  the 
three  Derbyfiiire  fpars  were  put  into 
the/ame  crucible,  and  expofed  for 
four  hours  to  the  fame  fire  ; it  ap- 
peared, from  the  experiment,  that  a 
ton  of  the  chalk  would  have  given 
36  pounds  more  of  lime  than  a ton 
of  the  fpar  which  gave  the  lead 
quantity  of  lime,  and  that  the  fpar 
which  gave  the  moft  lime  from  a 
ton,  exceeds  that  which  gave  the 
lead  by  27  pounds. 

I made  another  experiment  with 
the  fame  view.  Six  different  cal- 
careous fubdances,  which  had  been 
kept  in  the  fame  room  for  a month, 

or 
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or  more,  were  put  into  the  fame 
crucible,  and  expofed  to  a very.ftrong 
fire  for  24  hours.  weighed  them 
all  whilft  they  were  warm,  and  the 
quantities  of  lime  which  a ton  of 
each  would  have  given,  with  that 
degree  of  heat,  are  exprefl'ed  in  the 
following  table  : 


Chalk 

C.  q.  lb. 

II  I 6 

Clitheroe  limeftone 

II  0 22 

Sienna  marble 

II  08 

Statuary  marble 

10  321 

— 

Rhom.  fpar 

10  3 2 

J 

Cryflallized  fpar 

10  I 26 

From  this  experiment  it  may  be 
inferred,  that  the  difference  between 
the  quantities  of  lime  earth  procu- 
rable, under  fimilar  circumftances, 
from  a ton  of  chalk,  and  a ton  of 
hard  tranfparent  cryflallized  fpar, 

is 
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is  9'2  pounds,  or  near  -^V 
whole  weight. 

Whether  th’^  difference  be  greater 
than  what  -might  arife  from  different 
fpecimens'of  the  fame  kind  of  caU 
careotis  fubftance,  is  -more  than  I 
dare  pofitively  affirm.  One  fpeci- 
men  of  the  Courcelles  limeflone,  we 
have  feen,  gave  after  the  rate  of 
I I c,  2 q.  2-lb.  from  a ton  of  the 
crude- ftone ; another  calcined  in  the 
fame  kiln  gave  only  1 1 c.  o q.  i lb. 
from  a ton,  the  difference  is  57 
pounds,  or  about  whole 

weight.  Different  pieces  broken 
even  from  the  fame  lump  of  chalk, 
limeflone,  marble,  and  almoft  every 
other  calcareous  fubftance,.  feldom 
confift  of  precifely  the  fame  mate- 
rials; this  is  obvioufly  feen  in  build- 
ings and  pavements,  made  either 
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with  marble,  Ketton,-  or  Pbrthnd 
itone  ; there  may  generally  be ' ob- 
ferved  hard  knobs,  which  do  not 
wear  away  fo  fall  as  the  other  parts 
of  tire  done ; and  thofe  who  are  ac- 
cuftomed  to  faw  any  of  thefe  fub- 
ftances  arc  fully  fenfible  of  this 
diverfity  of  ftrudure  rn-  the  fame 
block  of  fto^e,  from  the  greater 
difficulty  of  cutting  fome  parts  of  it 
than  others.  1 broke  the  fame  fmall 
lump  of  chalk  into  four  different 
pieces,  and  calcined  them  for  dif- 
ferent lengths  of  time,  with  a view 
of  feeing  whether  there  was  not  fome 
regular  proportion  with  refpcbl  to 
the  time  according  to  which  the 
quantity  of  lime  procurable  from 
chalk  would  vary.  I broke  alfo  the 
fame  lump  of  Clitheroe  limeftone 
into  four  fmall  pieces,  and  calcined 

them 
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them  for  different  lengths  of  time 
with  the  fame  intention ; the  refult  i 

i : 

of  the  experiments  is  expreffed  in  i: 
the  annexed  table.  ; 


Lime 

- 

from  a 

ton  of 

Chalk  calcined  4 hours 

II  J 2 T 

7 hours  ^ ^ 

11  218 

10  hours 

II  2 14 

24  hours 

II  16 

Clitheroe  llmellone  calc.  4 hours 

I r 117 

7 hours 

II  0 I 

10  hours 

II  I 9 

24  hours 

II  0 22 

The  reader  will  perceive  that  thefe 
experiments  did  not  anfvver  my  in- 
tention in  making  them,  fince  there 
does  not  appear  to  be  any  regular 
decreafe  of  lime  with  the  increafe  of 

the  time  of  calcination ; but  they 

probably 


( 20J  ) 

probably  point  out  to  us  a difference 
in  the  compofition  of  the  different 
fpecimens;  and,  indeed,  in  the  chalk 
which  was  burned  for  7,  as  well  as  in 
that  which  was  burned  for  10  hours, 

I could  difcern,  after  calcination, 
fome  fmall  fpecks  of  iron  which  were 
wholly  invifible  before  calcination. 

Mr.  Whitehiirfl  * has  favoured  the 
world  with  fotne  very  interefting  ob- 
fervations  concerning  the  ftrata  in 
Derbyfhire ; the  following  is  his  ac- 
count of  their  refpedive  thickneffes, 
and  of  the  order  in  which  they  fuc- 
ceed  one  another;  No.  i.  denoting 
the  uppermofl  Jiratum, 

* Sec  his  Appendix  to  the  Inquiry  into  the 
^tate  of  the  Earth. 
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120  yarde 

2.  Shale 

.120 

,3.  Limeftone 

50 

4.  Toaditone 

' 60 

5.  Limeftone 

50 

6.  Toadftone 

46 

-7.  Limeftone 

60 

. 8.  Toadftone 

22 

9.  Limeftone  not  cut  through. 

Thefe  fevcral  ftrata  of  limeftone 
' are  each  of  them  divided  into  layers, 
which  have  -very  different  appear- 
ances. -Thus  No.  3.  which  is  50  yards 
in  thicknefs,  .may  be  coniidered  .as 
confiding  of  five  diftind  layers.  The 
I ft  layer,  which  is  contiguous  to  the 
fliale,  is  the  black  Derbylhire  mar- 
ble; thefecond  is  called  by  the  miners, 
fnaihhorn  marble,  from  its  abound- 
ing with  fcrew-ftones,  and  fifli  fhells-; 
the  3d  is  a compad  grey  limeftone, 

with  feveral  large  cryftalline  fpecks 
* • 

in 
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in  it,-- but  with  few  (liells ; . the  4th 
has  raiher  lefs  fpecks,  and  is  whiter 
than  the  3d  ; the  5th  layer,  which 
lie?  immediately  over  the  toadftone, 
is  likewife  a grey  limeflone.  I ex- 
amined the  relative  weights  of  the 
black  maible,  and  of  the  fecond,  third 
and  fourth  layers  of  the^fl:ratum,.No. 
3.  with  great  attention,  and  alfo  the 
quantities  of  lime  which  a ton  of  each 
would- yield  ; the  feveral  fpecimens 
were  calcined  in  the  fame  crucible, 
for  the  fame  length  of  time. 


Weight  of  a cubic  foot 
of  the  crude  ftone. 


Ounces. 

C. 

lb. 

Layer  i. 

2690 

1 1 

2 

7 

2. 

- z68  s 

1 1 

I 

,7 

3* 

2640 

11 

0 

4- 

- 2650 

1 1 

I 

4 

Medium 

- 2666 

1 1 

I 

Weight  of  lime'  from 
a ton. 


Jt 


t 
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It  appears  from  thefe  experiments, 
that  thefe  4 layers  of  the  fame  ftra- 
tiim  of  limeftone,  do  not  lie  m the 
earth  according  to  their  weights,  the 
nppermoft  layer  being  the  heavieft, 
and  the  third  layer  being  lighter  than 
that  either  immediately  above  or  be- 
low it.  The  quantity  of  lime,  which 
a ton  of  each  would  yield,  feems 
to  have  fome  dependence  on  their 
weights ; the  heavieft  layer  yielding 
the  moft,  and  the  lighteft  layer  yield- 
ing the  leaft  lime  from  the  fame 
weight  of  flone  *. 

I have 

* This  obfervatlon  is  not  true,  I think,  con- 
cerning calcareous  fubftances  in  general,  for  a 
piece  of  Derbylhire  watricle,  which  was  30 
ounces  in  a cubic  foot  heavier  than  the  Derby- 
•Jhlre  black  marble,  being  calcined  in  the  fame 
crucible  with  the  marble,  gave  only  lie.  o q. 
1 1 lb.  of  lime,  which  is  52  pounds  in  a ton  lefs 
than  the  marble  gave. 
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I have  now  given  an  account  oF 
12  experiments  made  by  other  au- 
thors, and  of  32  made  by  rnyfelf,  on 
•calcareous  fubftances  of  different 
.kinds  and  -countries,  the  medium 
qiianti'-y  of  lime  procurable  from  a 
ton  of  thefe  fubftances,  will  be  found 
-to  amount  to  iic..oq.  251b.  and 
confcquently  the  medium  lofs  of 
weight  will  be  8 c.  3 q.  3 lb. 

When  compadl  maffTes  of  any  fort 
-of  lime  are  expofed  to  the  air,  even 
in  a room  flickered  from  rain  or  dew, 
they  foon  begin  to  crack,  and  in  no 
great  length  of  time  they  fall  into  a 
powder,  and  receive  a confiderable 
increafe  of  weight.  The  time  requi- 
site for  effecting  this  change,  depends 
much  upon  the  quantity  of  the  fur- 
Sace  of  the  lime,  which  is  expofed  to 
ihe  air,  partly,  I believe,  but  I am 

VOL,  II,  O not 
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not  certain,  upon  the  degree  oT  hu- 
midity'reigning 'in  the  at.mofpherc, 
and  partly  upon"  the  nature  of  the 
body.  A piece  of  flatuary  marble 
was  converted  into  lime  on  the  lOth 
of  Feb.  1779  ; before  -its  calcination 
it  weighed  54*^  -gtains,  after  calcina- 
tion ^andnv  hi  I ft  it 'was  yet  warm  from 
the  fire,  it  weighed  :304  grains ; this 
laft  quantity  was-  laid  upon  a piece  of 
clean  paper,  put  into  a drawer  of  my 
ftudy  table,  >and  weighed,  at  different 
intervals,  till  inhad  acquired  its  ut- 
moft  increafe  of  weight,  wlfich  it  at- 
tained on  the  4th  of  March, -it- then 
weighing  5 15  grains.  *I  weighed 
this  lime  for  two  months  afterwaids, 
at  different  times,  but  it  ftill  weigh- 
'cd  the  fame.  Another  quantity  of 
lime  from  ftatuary  marble,  was  ex- 
amined in  the  fame  way,  and  it  ac- 
quired 
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q\iircd  its  greateft  increafe  of  weight 
in  twenty-two  days.  It  did  not 
Teem  to  me,  that  any  other  kind  of 
xalcareoiis  fubftance,  when  reduced 
to  lime  and  expofed  to  the  air,  ac- 
’quiretl  its  greatefl  increafe  of  weight 
ib  fpeedily  as  ftatuary  marble  : I 
make  this  obfervation  with  diffi- 
dence^ fori  have  neither  tried  all 
the  forts  of  calcareous  fubftanceSj^or 
any  of  them  under  precifely  the  fame 
■circumftances.  There  is  far  greater 
trouble  in  making  experiments,  than 
thofe,  who  have  not  been  acciiftom- 
cd  to  the  bufincfs,  can  readily  con- 
ceive ; many  niceties  are  to  be  at- 
tended to,  the  leaft  of  which  being 
onritted,  the  concluhon  becomes 
■doubtful ; the  mind,  moreover,  hav- 
ing once  acquired  the  ftrikins  out- 
iines  of  knowledge,  has  not  always 

O % patience 
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patience  to  attempt  the  filling  np  the 
minuter  part  of  the  defign,  erpeciallp 
if  its  attention  can  be  but  acciden- 
tally employed  upon  the  fubjeft. 

Whoever  undertakes  to  afcertain 
the  time  in  which  lime,  prepared 
fi'om  different  fubftances,  acquires 
its  greatefl  incrcafe  of  weight  by 
expofure  to  the  air,  would  do  well  to 
tak^equal  quantities  of  the  limes, 
whilft  warm  from  the  fire  in  which 
they  were  made,  to  reduce  them  im- 
mediately to  powders  equally  fine, 
to  expofe  the  powders  to  the  air,  in 
a room  free  from  dufl,  and  to  weigh 
them  at  ftated  intervals.  Or  the  ex- 
periment may  be  varied  by  taking, 
-inftead  of  powders  equal  in  weight 
and  finenefs,  folid  pieces  equal  in 
'bulk  and  furface,  fuppofe  a cubic 

.-inch  of  each  fort and  I queftion  not 

- but 
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but  fome  interefting  concluiions, 
relative  to  the  attractive  powers  of 
the  different  fubftances,  might  be 
derived  from  experiments  of  this 
fort,  carefully  and  repeatedly  made. 

The  powders  into  which  the  limes 
of  different  fubflances  are  refolved  by 
expofure  to  the  air,  have  not  all  the 
fame  appearance  ; thofe  of  ftatuary 
marble,  dove  marble,  Portland  done, 
Ketton  done,  and,  pr<fbabiy,  feveral 
other  forts,  are  compofed  of  little 
globules  vifible  to  the  naked  eye; 
whild  thofe  of  chalk,  Sienna  marble, 
and  fpar,  have  no  appearance  of  glo- 
bules, nor  do  they  feel  fo  harfh  and 
gritty  to  the  touch  as  the  others  do. 
The  whited  of  all  the  limes  which  I 
have  ever  feen,  is  that  which  may  be 
obtained  from  the  crydallized  fpar 
before  mentid’ned  ; datuary  marble, 
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and  Pprtknd  (lone,  give  very  wBlrc 
limes,  bat  they  are  many  degrees  lefs 
white  than  that  from  crydaHized 
fpar.  The  limes  from  Sienna  mar- 
ble, chalk,  rhomboidal  fpar,  and 
Ketton  ftone,  have  a yehowiih  call. 

Several  experiments  were  made  in 
order  to  afeertain  the  iitmoft  increafe 
of  weight,  which  different  forts  of 
lime  can  acqi^re  by  expofure  to  the 
air.  The  limes  were^  all  loofcly 
folded  up  in  clean  paper,  laid  in  the 
clofct  of  a room  where  there  was  a 
conftant  fire,  and  weighed  at  different 
interi^als,  till  they  had  acquired  their 
greateft  increafe  of  weight,  which 
fome  of  them  did  not  do  in  lefs  than 
three  quarters  of  a year.  The  gene- 
ral refuk  of  the  experiments  is  ex- 
prefled  in  the  following  tables  where 
tke  firft  column  contains  the  names 

of 
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of'  the-  fLibftances  from  which  the 
limes  were  prepared;  the  fecond  ex- 
preifes  the  height  to  which  a ton  of 
each^fon  -of  lime  would  ii^creafe  by 
expofure  to  the  air,  and  the  third- 
Ihews  the.quantity  of- thedncreafe  ia- 
a ton. . 


Sienna  marble 
Dove  marble 
l^itland  Hone  ‘ > - 
Statuary  marble 
Riiombotd.  tranfp.  fpar 
Purbeck  Hone 
Cryftallized  fpar  - - 
Riiomb.  opaque  fpar 
Clitberoc  lIineHone 
Ketton  Hone 
Chalk . 


c. 

q- 

lb. 

C. 

q- 

Ib;- 

3J 

0 

j 2 

‘5 

0 

1 2 " 

33 

0 

9 

>5 

0 

9 - 

34 

3 

2 1 

‘4 

3 

2 1 < 

34 

2 

0 

14 

2 

O' 

34 

0 

16 

14 

0 

16 

34 

.0 

8 

14 

0 

r 

53 

1 

25 

•3 

25 

32 

I 

21 

1 2 

1 

21 

32 

I 

IS 

1 2 

I 

15 . 

31 

3 

13 

1 1 

3 

13 

30 

9 

TO 

2 

9 

Hence  It  is  evident,  that  the  great- 
eft  .increafe  of  weight  which  a ton  of 

O 4.  huu*, 
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lime,  of  the  feveral  forts  here  menv 
tioned,  would  acquire  by  expofure 
to  the  air,  amounts  to  rather  more: 
than  three  quarters  of  a ton,  and  the 
lead  amounts  to  above  half  a ton. 
This  obfervation  is  worthy  of  notice 
in  a pradlical  view;  lime  is  fcmetimes 
fold  by  i^weight,  and  it  is  obvious 
that  the  feller  will  be  a very  confi- 
derable  gameivif,  after  having  dravjn 
his  kiln,  he  lets  bis  lime  remain  ex- 
pofed  to  the  air  for  a few  days  before 
it  is  fold.  I have  frequently  obferved 
pieces  of  new-burned  lime,  daily  in- 
creafing  at  the  rate  of  one  hundred 
weight  per  ton,  for  the  firft  five  or 
fix  days.-  The  farmer  too,  in  liming 
his  land,  fliould  contrive  to  carry 
out  his  lime  as  foon  as  polTible  after 
it  is  burned  ; he  may  oiherwife  for  ^ 

every 
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every  ton,  have  the  trouble  of  carry- 
ing a ton  and  a half,  or  more. 

Lime  which  has  once  acquired  its 
greateft  increafe  of  weight,  does  not 
lofe  any  part  of  what  it  has  acquired 
by  fubfequent  ex'pofure  to  the  air^ 
even  during  the  heat  of  fummen 
Several  forts  of  lime,  which  I ap-* 
prehended  had  gained  their  greateft 
increafe  of  weight  in  April  and  May 
1779,  were  weighed  at  different 
- times  during  the  fummer  of  the 
farfte  year, which  was  frequently  very 
hot,  but  I did  not  obferve  that  any 
one  of  them  was  diminiflied  in 
weight  by  the  adlion  of  the  heat : 
let  the  matter,  therefore,  which  is 
attraded  by  the  lime  from  the  air, 
be  what  it  may,  it  is  a permanent 
fubftance,  and  not  fubjed  to  evapo- 
ration during  fummer.  Hence  it 
• can- 


r. 
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cannot;  be  doubted,  that  the  foil 
upon  which  lime  is  fpread  acquires'' 
a great  increafe  of  matter;  every  ton-, 
of- lime>  art  rads -above  half  a-ton  of' 
feme  fort- of  matter  or  other  from- 
the  air,  and  adds  it  to- -the  earth; 
now  this  matter  would -not  have  be- 
come united  with  the  earth  without 
the  intervention  of  lime  : but  whe-- 
ther  any  part  of  the  advantage  of’ 
liming,  where  the  foil  is  bad’'  or- 
fcanty,  may  be.  attributed  to  thi^- 
increafe  of  the  quantity  of  nrafter ' 
which  is  derived  from  the  air  to  the.' 

earth,  is  a quefliion  which  I have- 

♦ 

not  fkill  enough  in  agriculture  to  - 
decide. 

I have  been  to\d  by  a gentleman  ^ 
of  fortune  In  Derbyfhire,  that  he 
has  frequently,  with  great  fuccefs', 
fpread  looo  Winchefler  bufluds  of. 
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lime  irpon  an  acre  of  ground  : let  ni 
fuppole  a Winchefter  bufhel  of  Der- 
bylhire  lime  to  weigh  loo  pounds, 
then  will  looo  bufliels  weigh  looooo 
pounds,  or  above  44  tons ; and  fup- 
pofing  one  ton  of  fuch  lime  to  gain 
only  14  hundred  weight  by  expo- 
fure  to  the  air,  then  will  the  whole 
acre  receive  an  increafe  of  foil,  from 
the  lime  which  is  fpread  upon  it, 
equal  to  above  30  tons  in  weight 
beyond  the  weight  of  the  lime. 

Having  eftimated  the  lofs  of 
weight  fuftained  by  different  calca- 
reous fubftances  during  their  calci- 
nation, and  aifo  the  gain  of  weight 
which  the  limes  procured  from  thefe 
fubftances  acquire  by  expofure  to 
the  air,  it  is  natural  to  inquire  whe- 
ther the  gain  is  equal  to  the  lofs. 
Upon  the  6th  of  March  I converted 

into 
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■mto  lime  204  grains  of  dove  marble^ 
the  lime  weighed,  whilft  hot,  116 
grains ; upon  .the  5th  of  the  follow- 
ing November  the  dime  weighed 
2034-  grains.  This  lime  was  fre- 
quently weighed  from  March  to 
November,  and  if  it  lliould  be  fup- 
pofed  that  half  a . grain  was  infenfibly 
loft  by  frequent  weighing,  then  we 
muft  conclude  that  this  kind  of  lime 
gains,  by  expofure  to  the  air,  juft  as 
much  as  the  marble  it  is  prepared 
from  lofes  by  calcination.  Upon  a 
repetition  of  this  experiment  with 
another  fpecimen  of  the  dove-marble 
lime,  1 found  the  refult  to  be,  as 
accurately  as  can  be  expeded,  the 
fame.  If  we  make  no  allowance  for 
any  lofs  of  weight  by  repeated  weigh- 
ings, then  the  increafe  of  weight  by 
expofure  to  the  air  muft  be  efteemed 

Icfs 
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kfs  tlian  the  lofs  of  weight  by'  calci- 
nation, by  about  one  four  hun- 
dredth part  of  the  weight  of  the 
marble. 

Some  dry  chalk,  weighing  120 
grains,  was  reduced  by  calcination 
to  68 'grains  of  lime;  this  quantity 
of  lime  became,..by  expofure  to  the 
air,  when  it  had  acquired  its  utmoft 
increafe  of  weight,  104  grains  ; that 
is,  it  wanted  16  j)arts  in  120,  or  be- 
tween one  feventh  and  one  eighth 
of  the  original  weight  of  the  chalk. 

The  dove  marble  and  the  chalk 
^are  the  two  extremes  of  all  the  fub- 
■ftances  I have  tried^;  no  kind  of 
lime  regained  fo  much  weight  as  that 
from  dove  marble,  and  none  fo  little 
as  that  from  chalk,  Philofophy 
may  be  well  employed  in  accounting 
for  this  divcrfity ; I.  am  only  in- 

>tere(led 


Q 


( 222  ) 

terefted  at  prefen t in  eflablifhing  thie 
fadV,  which  fcems  not  to  have  been 
fufficieiitty  underftood  by  chemifl-s 
of  defervedly  great  -eminence.  M. 
Macquer  faySj^'Qiiicklime'COmbines 
with  the  moifture  of  the  air,  which 
it  Teems  capable  of  attradling;  by  tive 
moifture  'thus  artra^ffed,  the  weight 
of 'the  quicklime  is  doubled  M. 
Baume  weighed  Tome  lime  \^ry  ac^ 
curately  -i  anti  thoij^h  he  kept  it  in 

a. cellar 


Chem.  Dift.  ‘hy  INk  Macqiier,  aftic. 
Quicklime  in  the  Englifh  tranflation-: — The 
original  of  this  work  is  excellent  in  its  kin4» 
and  it  h greatly  improved  by  the  very  judici- 
ous notes  of  the  tranflator.  In  juftice  to  M. 
Macquer,  it  ought  to  be  obferved,  that  in  the 
fecond  Engli/h  edition  of  liis  Didiionary,  the 
paifage  quoted  In  the  text  is  greatly  ahered^ 
there  is  no  mention  made  of  of  the 

air,  and  the  quicklime  Is  only  faid  to  recover  a 
nreat  pavi  of  its  original  weight,  b^'  expofureto 
the  air. 


'(  -223  0 

a-  cellar  for  feveral  yCc^s,  yet  it  never 
.'regained  the  weight  of  the  calcare- 
ous earth,  from  whidi  it ‘had  been 
prepared-;  there  was  always  a dehei- 
•ency  of  more  than  two  ouncesdn  a 
pound 

I do  not  quefbon  the  veracity  of 
cither  of  thefe  gentlemen,  or  their  ae- 
^ciiracy  in  making  their,  experiments; 
♦but  the  properties  of'the  particular 
‘•limes  which  they  examined  fhould 
not  have  been  given  as  characleriftic 
•jjopeities  of  limes  in  general.  No 
lime  that  I ever  tried  was  doubled 
'in  weight  by  attrading  matter  (be 
it  moiduie  or  other  matter)  from 
the  air.;  yet  if  a limedone- could  be 
'found,  which  is  not  impoflable,  that 
doll  half  its  weight  by  calcination,  a 
fpecimen  of  lime- from  fuch  a lime- 

do  ne 

♦ Chymie  par  M.  Baumc,  Vol.  I.  p.  177. 
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ftone  might,  perhaps,  be  doubled  iu 
its  weight.  On  the  other  hand,  I 
only  met  with  one  fort  of  lime,  that 
from  chalk,  which  in  its  increafe 
feemed  to  fall  fo  far*  fhort  of  the 
original  weight  of  the  fubftance  from 
-which  it  was  made,  as  to  want  more 
than  two  ounces  in  a pound,  or  be- 
tween-one- feventh  and  one-eighth  of 
thewhole  weight.  My  experiment, 
in  this  particular  inftance,  fufEciently 
coincides  with  the  too  general  ob- 
'fervation  of  M.  Baume.  ^ 

The  chalk  or  clunch  of  this  coun- 
'try  is  not  a pure  calcareous  earth, 
"it  contains  a portion  of  fand ; and 
hence,  when  a definite  weight  of  this 
-chalk  lime  is  expofcd  to  the  air,  it 
^cannot  acquire  as  much  increafe  of 
weight,  as  the  fame  quantity  of 
-purer  lime  would  do  : for  the  fand, 

which 
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which  is  mixed  with  the  lime,  is  of  a 
very  different  nature  from  the  lime,^ 
and  does  not  attrad  any  thing  fronif 
the  air.  This  obfervation  may  be 

extended  to  different  forts  of  lime- 

• 

ftone,  and  it  may  fugged  one  reafon 
for  the  diverfity  in  the  ftrength  of 
different  forts  of  lime,  when  ufed 
either  in  building  or  in  agriculture. 

The  table  in  which  the  increafe 
of  weight  acquired  by  different  forts 
of  lime,  in  confequence  of  their  expo- 
fureto  the  air,  is  expreffed,  was  made 
With  great  accuracy  ; yet  is  it  not  to 
be  confidered  as  univerfally  true,  even 
of  the  fubftances  there  mentioned  : 
for  there  is  great  reafon  to  believe, 
that  the  quantity*of  matter,  which 
the  fame  fort  of  lime  can  a; trad 
from  the  air,  depends  very  much 
upon  the  degree  of  heat  with  which 

'OL.  II.  p 
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the  lime  has  been  burned ; there  is 
a .certain  definite  'degree  of  heat  re- 
quifite  to  make  the  lime  attraft  the 
greateft  pofTible  quantity  from  the 
air.  When  the  heat  is  not  fufficient 
to  convert  the  whole  of  the  fubflance 
into  lime,  then  that  part  which  is 
not  changed  into  lime,  will  not  con- 
tribute 'any  thing  to  the  increafe  of 
the  weieht  of  the  lime  'when  ex-- 
pofed  to  the  air,  inafmuch  as  it 
pofleffes  no  quality  of  attrading 
any  thing  from  the  air.  And,  1 be- 
lieve,  the  obfervation  is  equally  true, 
when  the  heat  has  been  mere  than 
fufficient  to  convert  the  whole  of  the 
fubflance  into  lime.  It  has  been 
before  mentioned, fthat  fix  different 
calcareous  fiibflances  were  changed 
into  lime,  by  being  expofed  to  a 
very  fierce  fire  for  24  hours  : this 

expc- 
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experiment  was  made  in  November  , 
1779;  I have  frequently  weighed 
the  limes  fince  that  time  ; they  have 
all  of  them  acquired  their  greateft 
increafe  of  weight  ; for  on  weighing 
them  in  January  1781,  I found  that 
they  had  not  gained  any  increafe  of 
weight  in  an  interval  of  three  months. 
The  following  table  expreffes,  in’ 
the  fecond  column,  the  increafe  of 
weight  which  a ton  of  thefe  fub- 
flances  would  have  gained,  and  the 
third  column  exprefles  the  increafe 
which  a ton  of  the  fam^e  fubftances 
would  have  gained,  had  they  been 
•only  expofed  to  the  fame  fire  for’ 4. 
hours. 
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f 

• i 

C.  q.  lb.' 

C.  q.  !b. 

Sienna  marble  • 

8 1 15 

»5  0 la- 

R^mb.  fpar 

8 I 5 

14.  016 

Stauiary  marble 

800 

14  2 0 

Chalk  - ' = 

7 I 13 

10  2 9 

Clltheroe  limeftone  - 

62  9 

12  I 15 

Cryftalllzed  fpar  - ' 

60  c 

13  1 25 

Thefe  experiments  clearly  prove, 
the  great  utility  of  burning  lime: 
with  a definite  heat,  for  the  excel- 
lency of  lime,  to  whatever  purpofe 
it  be  applied,  depends,  probably, 
upon  its  difpofition  to  attraft  that 
matter  from  the  air,  whi^li  it  has- 
loft  by  calcination ; and  we  fee  that 
none  of  the  limes,  which  were  burn- 
ed for  24  hours,  attra(fted  fo  mucli 
from  the  air,  as  thofe  did  which 
had  been  more  moderately  burned  ; 
the  difference  is  very  confiderable 
in  all  the  inftances.  Would  not  a 

greater 
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greater  degree  of  heat  have  ftill  fur- 
ther  deprived  lime  of  its  property  of 
attracting  matter  from  the  air,  and 
thus  have  made  it  approadh  nearer 
to  the  nature  of  glafs? 

We  have  fcen  how  greatly  calca- 
reous fubftances  are  diminifned  in 
weight  by  being  calcined, — do  they 
receive  any  alteration  of  bulk  dur- 
ing that  operation  ? Having  propofed 
this  queftion  to  various  lime-burners 
in  different  parts  of  the  kingdom,  I 
found  fome  were  of  opinion  that  the 
chalk  or  (tone  fwelled  a lit*le,  others 
that  it  (hrunk  a little  during  calcina- 
tion, and  a third  fet  thought  that  it 
underwent  no  fort  of  alteration  : the 
moft  obvious  inference  froili  thefe 
different  accounts  feems  to  be,  that 
calcareous  fubftances  do  in  this  parti- 
•cuhir  differ  from  each  other. 

P 3 
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I took  a piece  of  blackilli  marble,; j 
four  inches  in  length,  half  an  inch'j 
broad,  and  one  quarter  of  an  inchii 
thick,  and  having  placed  it  in  aji 
proper  velTel,  and  covered  it  with  j 
fand,  it  was  expofed  to  a very  fiercejl 
fire  for  three  hours;  the  marble 

.1 

thereby  became  pcrfedly  white  and  i 
friable  as  calcined  bones,  but  I j 
could  not  obferve  that  k-  had  under-  ; 
gone  the  lead:  change  in  any  of  its 
dimenfions. 

, . I cut  a,  pie’ce  of  chalk  till  it  was 
an  inch  in  length,  half  an  inch  in 
breadth,  and  as  much  in  thicknefsj 
after  it  was  calcined,  its  dimenfions 
were  not  fenfibly  altered. 

A piece  of  rhomboidal  fpar  from 
Derbyfliire,  and  a piece  of  white 
marble,  were  feverally  meafiired 

before 
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before  and  after  calcination  ; but 
no  difference  could  be  obfervcd 
in  the  dimenfions  of  either  of 
them.  • 

I thought  the  length  of  a>  piece  of 
Sienna  marble,  in  one  experiment, 
was  diminiilied  about  one  fiftieth 
part  by  calcination,  but  I was  pro- 
bably mifiaken  ; for  in  anodier  piece, 
above  two  inches  in  length,  i took,, 
with  a pair  of  compafi'es,  the  dif- 
tance  between  two  points  upon  its 
furface  before  calcination,  and  found 
that  diftance  precileJy  the  fiime  after 
calcination.,  . 

A piece  of  Glither.oe  llmefione, 
which  had  been  calcined  for  four 
hours,  appeared  to  be  diminifiied  in 
length  one  part  in  twelve  ; another 
piece,  which  had  been  calcined  ten 
hours,  was  unaltered  in  length,  and 
• 4 ■ thick- 
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thicknefs ; and  fo  was  a piece  which 
had  been  calcined  24  hours. 

I took  a piece  of  chalk,  which 
had  been  dried  by  the  fun  and  air, 
and  (liaped  it  into  a fquare, 

each  jide  of  which  was  four  inches, 
the  thicknefs  being  two  inches,  I 
-put  it  into  a lime-kiln;  it  was  kept 
there  as  long  as  chalk  which  is 
burned  into  lime  ufually-  is ; when 
it  came  out  of  the  kiln,  I compared 
it  with  the  ftandards  of  its  feveral 
dimenfions,  which  had  been  accu- 
rately takeii^  before  calcination,  and 
could  not  difeover 'that  it  had  fuffer- 
ed  the  lead  change  either  in  length, 
breadth,  or  thicknefs.  This  expe- 
riment was  repeated  with  wet  chalk, 
but  neither  was  this  alteVed  in  its 
dimenfions  by  calcination.  Ladly, 
I took  a flat  piece  of  chalk,  about 

(Vie 
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t>ne  fourth  of  an  inch  in  thicknefs, 
and  calcined  it  for  24  hours;  th? 
length  of  this  chalk  was  three  inches, 
and  it  was  diminiflied  by  calcination 
one  tenth  of  its  length. 

The  reader  is  poffefled  of  all  I know 
from  my  own  experiments  upon  the 
fubject ; but  I will  not  conceal  from 
him  the  opinion  of  M.  Baume,  who 
efteems  the  diminution  of  the  bulk 
of  calcareous  fubftances  during  cal- 
cination, as  one  of  their  moft  diftin- 
guilhing  properties.  He  does  not, 
indeed,  mention  any  experiments 
which  he  had  exprefsly  made,  with  a 
view  of  deciding  the  queflion  ; but  I 
cannot  fuppofe,  that  fo  able  a chemift 
would  fpeak  from  conjedture,  when 
he  affirms,  that  calcareous  fubflanccs 
are  fometimes  diminiflied  half  their 

bulk 
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bulk  during  calcination*;  Sd  there-  ; 
fore  I fhould  apprehend,  that  the  i 
calcareous  fubftances,  which  he  ufed,  i 
were  different  from  any  of  thofe  on  i 
which  I made  my  experiments.  Be  i 
this  as  it  may,  his  conckifion  is,  if  at  ; 
-all,  certainly  not  generally  to  be  ad-  i 
mitted. 

The  experiments,  by  whicli  the 
nature  of  any  particular  fort  of  earth- 
is  chemically  inveftigated,  are  prin- 
cipally of  two  kinds ; one  confifts  m | 
obferving  its  foLubility  or  infolubility  I 
in  different  menftruums,  the  other  in, 

noticing 


^ Le  fecond  phenomene  que  la  terre  cal- 
caire  prefente  apres  fa  calcination,  ell  fa  di- 
minution de  volume — la  retraite  de  ces  par- 
ties, pendant  leur  calcination,  ell  quelquefols 
fi  grande,  qu’elle  va  jufqu’a  la  moitit  de  leur 
voliune.  Chymi  par  Mt  Baume,  Vol.  I.  p* 
182. 
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noticing  the  changes  produced  in  it 
by  the  aftion  of  various  degrees  of 
heat.  \Ve  may  form  a general  idea 
of  the  operation  of  fire  upon  calca- 
reous fubftances,  from  the  experi- 
ments which  have  been  before  relat- 
ed: I did  not  fpare  either  time  or 
labour,  nor  was  I fenfible  of  any  want 

of  care  in  making  them  ; yet  I can- 

• 

not  help  apprehending,  that  a nume- 
rous repetition  of  fimilar  experiments 
might  lead  to  fome  general  conclu- 
fions,  which  have  efcaped  my  obfer- 
vation.  The  following  experiments 
can  hardly  fail  of  being  acceptable 
to  the  reader,  as  they  tend  greatly 
to  corroborate  what  has  already  been 
inferred  concerning  the  nature  of  cal- 
careous earths.  We  have  concluded, 
that  twenty  hundred  weight,  or  a ton 
of  any  calcareous  fubflance,  confifts- 

of 
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of  between  eight  and  nine  hundred 
weight  of  fome  matter  or  other,  which 
is  diflipated  during  calcination,  and 
of  between  eleven  and  twelve  hun- 
dred weip-ht  of  earth,  which  cannot 
be  diffipated  in  that  degree  of  heat  : 
now  if  it  can  be  fliewn,  by  a way 
wholly  different  from  that  of  calci- 
nation, that  a ton  of  any  calcareous 
body  does  really  confift  of  about 
twelve  hundred  weight  of  earth,  and 
of  about  eight  hundred  weight  of  a 

• 

volatile  fubftance,  we  cannot  enter- 
tain any  further  doubt  concerning 
the  proportion  of  the  conftituenc 
parts  of  calcareous  fubflances. 

If  the  reader  has  not  been  accuf- 
tomed  to  the  making  of  chemical 
experiments,  and  yet  fhould  be  de- 
firous  of  afeertaining,  from  his  own 
obfervation,  the  truth  of  fuch  as  I am 

going 
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going  to  mention,  he  may  do  it  at  a 
very  eafy  rate  ; he  need  only  procure 
from  his  apothecary,  a few  ounces  of 
the  acid  of  Tea  fait,  and  a Florence 
flalk,  and  he  will  be  furnilhed  vvitli 
the  main  part  of  the  apparatus. 

I took  a Florence  fklk,  and  pour- 
ed into  it  a fmall  portion  of  the  acid 
of  fea  fait  diluted  with  water;  the 
flafkand  its  contents  were  then  weieh- 
ed  in  a pair  of  fcales,  which  turned 
with  a quarter  of  a grain  ; the  weight . 
was  noted  down.  I then  dropped 
into  the  acid,  by  a very  little  at  a. 
time,  20  grains  of  a calcareous  fub- 
flance,  and  flopping  gently  the  top 
of  the  flafk  with  my  finger,  till  the 
whole  was  difiblved,  the  flafk  was 
weighed  again.  Now  it  is  obvious, 
that  if  nothing  had  efcaped  during 
the  folution,  the  weight  of  the  flafk 

and 
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^andats  contents,  after  the  folution  of 
■ the  calcareous  fubftance,  would  have 
f exceeded  its  weight  before  folution 
by  20  grains.  There  was,  however, 
a very  confiderable  lofs  of  weight,  in 
all  the  fubftances  which  I tried.  If 
inftead  of  20  grains,  a ton,  or  20 
hundred  weight  of  each  fubftance, 
had  been  dilfolved,  and  no  notice  had 
been  taken  of  any  weight,  lefs  than  4 
■of  an  hundred  weight,  the  weight  of 
•the  earth,  or  other  matter  remaining 
-in  the  bottle  after  folution,  would 
3iave  been  expreffed  by  the  fecond 
•column  of  the  following  table,  and 
vthe  weight  of  the  matter  loft  during 
■folution  by  the  third.  * 


\ 


Namure 
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•Naraure  black  marble 
Clitheroe  limeftonc 
Chalk 

Ketton  {lone 
Poitland  Hone 
Purbeck  (lone 
Mother  of  Pearl 
'Dove  marble 
Blue-veined  marble 
Purple -veined  marble 
Statuary  marble 
•Rhomboldal  fpar 
• Cryflallized  fpar  * 


c. 

q* 

lb. 

C. 

q* 

lb. 

13 

3 

6 

1 

0 

13 

I 

0 

6 

3 

0 

12 

3 

0 

7 

• I 

0 

1 2 

3 

0 

7 

I 

0 

12 

I 

0 

7 

3 

0 

12 

I 

0 

7 

3 

0 

12 

2 

0 

7 

2 

0 

12 

0 

0 

8 

0 

0 

12 

0 

0 

8 
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0 

12 

0 

0 

0 

0 

12 

0 

0 

0 

0 

12 

0 

0 

8 

0 

0 

12 

D 

0 

8 

0 

0 

The 

* Six  out  of  the' thirteen  fub dances  here  ex- 
amined, loH  8 parts  In  20  during  their  folutlon, 
which  is  the  very  proportion  afligned  by  Dr« 
Black,  In  his  moll  ingenious  E{Tay'(EdIn.  EIT. 
Vol.  II.  page  104),  for  the  lofs  fuftalned  bj 
chalk  ; It  will  appear,  however,  from  what  fol- 
lows, that  pure  calcareous  fubftances  probably 
lofe  9 parts  in  20  of  their  weight,  by  being  dif- 
folved  in  an  acid. 


1 
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The  Namiire  black  marble  and  the 
Ciitheroe  limeftone  threw  up  an  oily 
fcum  during  folution,  and  left  a large 
portion  of  black  fed iment,  which 
probably  was  iron.  The  chalk  had 
awhitifli  fandy  fediment ; the  Ketton 
ftone  a yellowifh  one  ; Portland  and 
Purbeck  ftone  a white  one,  which 
looked  like  particles  of  flind,  and  was 
gritty  between  the  teeth;  mother  of 
pearl  left  feveral  foft  infoluble  flakes 
floating  on  the  top  of  the  acid  : the 
other  bodies  either  gave  no  fedi- 
ments,  or  very  minute  ones. 

When  I firft  began  making  thefe 
experiments,  I was  accuhomed  to 
weigh  the  flafk  as  foon  as  the  folu* 
tion  was  ended,  and  this  led  me  into 
an  error  in  eftimating  the  quantity 
loll  during  folution;  for,  upon  fur- 
ther trial,  I always  found,  that  the 

weight 
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weight  of  the  flafk  and  its  contents, 
taken,  as  accurately  as  poffible,  as 
foon  as  the  folution  was  finiflied,  was 
dimlnilhed  very  fenfibly  in  the  fpace 
of  three  or  four  hours.  I was  at  firfl 
inclined  to  attribute  this  diminution 
to  the  evaporation  of  a part  of  the 
fluid;  but  the  true  caufe  is  this,  the 
weight  of  the  air  remaining  in  the 
ilafk  after  folution,  is  greater  than 
the  weight  of  an  equal  bulk  of  at- 
mofpherical  air.  This  is  eafilv  prov- 
ed, either  by  fucking  through  a pipe 
the  air  contained  in  the  ^flafk,  or 
blowing  it  out  with  a pair  of  bellows, 
fo  that  the  fialk  may  be  filled  with 
common  air  ; for  the  fiafk  will  then 
be  found  to  weigh  lefs  than  it  did 
before.  Sucking  out  the  air  is  a 
troublefomc  operation,  for  the  air 
has  a difagrccable  taflc  in  the  mouth, 
voL.ii,  and, 
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and,  if  fuffered  to  pafs  into  the  lungs, 
might  be  noxious.  This  difagreeable 
•tafte  is  not  to  be  attributed  to  any 
fubtle  particles  of  the  acid,  which 
may  be  fuppofed  to  float  in  the  in- 
fide  of  the  flalk,  buPto.the  air  con- 
tained in  it ; for  after  the  air  has  been 
thoroughly  exhaufted,  fo  -that  the 
flalk  becomes  full  of  only  common 
air,  no  further  tafte  is  perceived. 

I took  a Florence  flalk,  which 
would  hold  a6‘ ounces  troy  of  water ; 
into  this  flalk  J poured  a.two  ounce 
meafure  of' the  acid  of  fea  fait,  and 
diflblved  .flovvly  in  the  .acid  a quan- 
tity of  the  pu reft  calcareous  fpar, 
the  bottle  was  weighed  as. foon  as  the 
Solution  was  ended:  Lthen  permitted 
it  to  Hand  quiet  for  two  hours,  and 
at  the  expiration  of  that  time,  1 blew 

into  it  with  a pair  of  bellows,  till 

the 
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the  air  became  taftelefs ; the  bottle 
was  then  weighec],  and  it  had  loft  7 
grains.  The  weight  of  common  air 
filling  a flalk  holding  24  ounces  of 
water,  is  about  14  grains ; the  weight 
of  the  fame  quantity  of  the  kind  of 
air  which  filled  the  fiafic,  immediately 
after  the  folution  of  the  calcareous 
I’ubftance,  was  7 grains  more,  or  21 
grains ; hence  the  weight  of  common 
air,  is  to  t.hat  of  the  air  which  filled 
the  flafk  after  folution,  as  14  to  21, 
or  as  1 to  i-j,  I do  not  offer  this 
conclufon  to  the  reader  as  an  accu- 
rate one,  but  it  is  probably  not  far 
from  the  truth. 

The  circumftance  of  the  weight  of 
the  flafk  being  greater,  immediately 
after  the  folution  was  finiflied,  than 
it  would  have  been  if  filled  only  with 
common  air,  was  not  negle(fted  in 

0^2  making 
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making 'Hie  experiments  mentionefd 
in  the  table  ; it  was  not,  however, 
attended  to  with  fuch  a fcrupulous 
exacfinefs  as  it  ought  to  have  been.: 
1 made  therefore  the  four  following 
experiments  with - the  greatefl  care. 
The  feveral  folutions  were  llowly 
made,  to  prevent  any  lofs  of  the 
acid,  and  the  flalk  was  not  weighed 
till  20  hours  after  the  folution  was 
fmhhed  ; in  which  time  the  air  in  it 
had  become  taftelefs ; nor  did  the 
dalk  and  its  contents  fuffer  any  fur- 
ther  diminution  of  weight,  by  a 
longer  expofure  to  the  air. 

3 20  gr.  of  white  marble  loft  by  folut.  5 3I 

1 20  gr,  of  cryftal  fpar  loft  by  folut.  54  — 

1 20  gr.  of  rhomb,  fpar  loft  by  folut.  54 

1 2C  gr.  of  ft^atlock  petiefa£fion  _J4 

The  lofs  of -weight  fuftained  by 

the  marble  during  folution  is  fo 

nearly 
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nearly  the  Tame  with  that  of  .the  other' 
three  bodies',  that  its  dilference^may 
probably  be  referred  to  fome  unavoid- 
able inaecurac}’’  in  making  the  ex- 
periment ; if  this  be  admitted,  we 
may  reafonably  conclude  that  equal, 
weights  of  pure  calcareous  fubftances, 
contain  equal  quantities  of  a volatile 
matter,  which  is  difperfed  during 
folution  ; and  that  this  volatile  mac.- 
ter  amounts  to  54  parts  in  120,  or 
nine  hundred  weight  in  a ton,  the 
earth  amounting  to  1 1 c. 

Since  calcareous  fubdances  lofe 
nearly  equal  portions  of  their  weight-, 
whether  they  are  calcined  in  the  fire, 
or  dilTolved  in  acids,  it  may  be  pre- 
fumed that  the  matter  which  is  loft 
is  of  the  fame  nature  in  both  cafes  \ 
this  matter  is  a fpecies  of  air.  ITe 
reader  may  eafily  convince  himfelF  of 

tliis 
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this  by  faflening  a flaccid  bladder 
over  the  mouth  of  a Florence  flalk, 
or  other  veflel,  in  which  any  calca- 
reous fubftance  is  in  the  a6l  of  folu- 
tion,  for  the  bladder  will  prefently 
be  blown  up,  by  the  matter  which 
ilfues  through  the  neck  of  the  flalk  ; 
and  if  the  neck  of  the  inflated  blad- 
der be  tied,  and  the  bladder  be  in 
that  ftate  removed  from  the  flalk,  it 
will  hot  become  flaccid  again,  but 
remain  blown  up,  which  is  a fufli- 
cient  proof  that  it  is  filled  with  a 
fpecies  of  air.  The  air  thus  feparated 
from  calcareous  fubftances,  is  very 
different  from  common  air,  in  many 
particulars.  We  have  before  feen, 
that  the  weight  of  a given  bulk  of 
this  air,  is  as  much  greater  than  the 
weight  of  the  fame  bulk  of  common 

air,  as  21  is  greater  than  14.  or  3 

than 
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than  — The  air,  it  has  alfo  been 

remarked,  has  a fingular  tafte,  and 
common  air  has  no  tafte. — This  air 

I 

extinguilhcs  flame  and  animal  life, 
and  common  air  fnpports  both. — 
This  air,  by>  being  fhaken  in  contalfl: 
with  water,  or  otherwife  mixed  with 
it,  impregnates  the  water  with  an 
acidulous  tafte,  but  common  air  pro- 
duces no  fuch  effed:  on  water. — This 
air  is  as  much  a conftituent  part  of 
the  atmofphere  as  common'  air  is, 
for  a ton  of  lime  will  attrad  half  a 
ton  of  this  air  from  the  atmofphere. 
The  particles  of  matter  conftituting 
light,  are  fuppofed  to  be  of  different 
magnitudes : are  the  particles’of  mat- 
ter which  conftitute  atmofpherical 
air  of  different  magnitudes  ? — Does 
the  fmell  of  a room  newly  plaflered, 
proceed  from  particles  of  matter 

0^4  emitted 
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emitted  by  the  plafter,  of  from  the 
air  of  the  room  having  undergone  a 
depompofition,  in.  confequence  of 
the  lime  having  abforbed  one  of  its 
component  parts  ? 

When  any  calcareous  earth  has 
been  diflblved  in  an  acid,  it  has  loft 
its  air,  and  is  much  ciiminiQied  in 
weight  5 it  has  undergone  as  great  a 
decompofition,  as  if  it  had  been  cal- 
cined. Calcined  calcareous  earth  or 
lime,  may  be  reftored  to  the  ftate  of 
crude  calcareous  earth  or  limeftone, 
by  expofure  to  the  air;  in  confe- 
quence of  fuch  an  expofure,  it,  in  a 
greater  or  lefs  fpace  of  time,  attrads 
from  the  air  a part  tai  lead  of  the 
principle  which  it  had  loft  during 
calcination  ; but  when  a calcareous 
earth  has  been  diflblved  in  an  acid, 

and  is  (hereby  deprived  of  its  air,  jc 

may 
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may  be  wholly  reftored  to  the  {late 
of  a crude  limeflone,  by  an  almofk 
inftantaneous  procefs.  Suppofe  20 
pennyweights  of  marble  to  have  been 
diffolved  in  a proper  quantity  of  the 
acid  of  fea  fait,  then  will  thefe  20 
pennyweights  have  loft  nine  parts  of 
their  weight ; the  earth  remaining  in 
the  acid  will  only  weigh  1 1 penny- 
weights. Salt  of  tartar,  pot-afh,  and 
other  fixed  alkalis  contain,  in  their 
crude  ftate,  a great  portion  of  fixed 
<?/r,  of  the  fame  nature  with  tiiat 
which  conftitutes  nine  parts  in  20  of 
the  fubftance  of  marble,  and  other 
calcareous  bodies.  The  acid  of  fea 
fait,  and  all  other  acids,  have  a 
ftronger  tendency  to  unite  themfelves 
with  the  earthy  part  (if  the  expreflion- 
may  be  admitted)  of  fixed  alkalis, 
than  to  continue  united  with  the 

earthy 
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earthy  part  of  marble,  or  any  other 
calcareous  body.  If  then  into  the 
acid,  in  which  20  pennyweights  of 
marbl'e  have  been  diffolved,  and 
which  really  eonfifts  of  the  acid 
united  with  I'l  pennyweights  of 
earth,  we  pour  a folution  of  fait  of 
tartar,  or  pot-alh,  the  acid  will  quit 
the  earth  of  the  marble,  and  unite 
itfelf  with  ‘ one  of  the  conftituent 
pans  of  the  alkali ; the  earth  of  the 
marble  is  by  this  means  fet  at  liber- 
ty, and  one  of  the  conftituent  parts 
of  the  alkali  is  alfo  fet  at  liberty, 
namely,  its  fixed  air;  thefe  two  will 
unite  together,  and  by  their  union, 
they  will  form  an  earth  of  the  fame 
nature  as  crude  limeftone,  the  weight 
of  which  is  foumi  to  be  equal  to  the 
original  weight  of  the  inaible,  or  20 
pennyweights. 


From 
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From’  the  various  experiments 
'W’hich  have  been  here  faithfully 
related,  without  any  previous  at- 
tachment to  fyftem,  it  feems  as  if 
we  might  conclude,  that  pure  cal- 
careous fubftances  are  compofed  of 
9 parts  in  20  of  a volatile  fubdance, 
which  is  difperfed,  not  only  during 
the  calcination,  but  during  the  fo- 
luiion  of  the  fubftances  in  an  acid; 
and  of  1 1 parts  in  20  of  an  earth 
which  is  generally  known  under  the 
name  of  lime.  Several  authors  of 
diftinguilhed  reputation  inChemiftry 
have  thought,  that  water  was  an 
eflential  conftituent  part  of  calca- 
reous fubftances,  and  from  particular 
inftances  they  have  endeavoured  to 
afceriain  its  quantity  in  general. — 
The  experiments  which  I have  made 
do  not  tend  to  eftablilh  this  opinion^ 

—Into 
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—Into  a new  glafs  retort  I put  two 
ounces  of  cryftallized  fpar,  and  hav- 
ing fitted  a,  clean  receiver  of  flint 
glafs  to  hy  I expofed  it  at  firfl;  to 
gentle  fire,  which  was  increafed,  by 
degrees,  till  it  became  ftrong  enough- 
tp  melt  the  retort ; during  the  whole 
of  the  operation  I did  not  obferve 
that  any  water  was  feparated . from 
the  fpar,  the  tranfparency  of  the  re- 
ceiver was  not  fo  much  as  tarnifhed 
by  a vapour.  From  this  experiment 
I would  conclude,  th^t  this  fpeciea 
of  calcareous  earth  does  not  contain 
any  water  which  is  feparable  from 
it  in  a degree  of  heat  fuflicient  to 
melt  glafs.  I took  an  earthen  re- 
tort, and  put  into  it  fix  ounces  of 
cryftallized  fpar,  and  expofed  tire 
retort  to  a very  ftrong  fire  till  tire 
fpar  had  loft  one  third  of  its  w eight, 

there 
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• there  was  not  .a  drop  of  water  found 
in  the  -receiver.  The  retort,  when 
taken  out  of  the  fire,  appeared  to  be 
t cracked,  fo  that  this  -experiment 
ds  not  quite  fo  convincing  as  the 
'preceding,  though,  perhaps,  fuffi- 
cientiy  fo  to  make  us  doubt  con- 
‘Cerning  the  exiftence  of  water  as  a 
component  part  of  this  kind  of  fpar, 
— I took  720  grains  of  Deri")}' fh  ire 
watricle,  which  is  the  fubflance  of 
which  the  ornamental  columns  feen 
on  chimney  pieces  are  generally  form- 
ed, and  diftilled  them  with  a violent 
fire  in  an  earthen  retort,  till  they 
•were  reduced  to  400  grains  (that  is, 
till  they  gave  after  the  rate  of  1 1 c, 
o q.  12  lb.  of  lime  from  a ton  of  the 
watricle),  but  I did  not  find  any 
fenfible  portion  of  water  in  the  re- 
ceiver j it  was  indeed  clouded  with  a 


vapour. 
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vapour,  but  this  vapour  I think  arofe 
from  the  dampnefs  of  the  retort,  or 
of  the  fubftance  ufed  in  faftening  the 
receiver  to  the  retort,  or  from  fome- 
thing  or  other  unconneded  with  the 
watricle. — 


ESSAY 


ESSAY  VII. 


OF  CLAY,  MARLE,  AND  GYPSEOUS 
ALAEASTER,  OR  PLASTER-STONE, 


Rgillaceous  earth,  or  clay,  may 


be  diftingui(hed  from  every 
•other  fort  of  earth,  by  its  tenacity 
when  wetted  with  water,  and  by  its 
growing  hard  when  expofed  to  the 
•fire.  We  may  levigate  fand,  chalk, 
or  plafter-ftone  into  very  fine  pow- 
der, but  thefe  powders  when  knead- 
ed with  water,  will  not  'form  a tena- 


cious 
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clous  du6lile  mafs,  capable  of  being 
moulded  and  turned  at  the  pottery 
wheel,  or  of  being  hardened  in  the 
fire  like  clay.  Even  clay  itfelf  lofes 
its  tenacity  by  being  baked  in  a 
•gentle  fire  : a potter  or  a pipe-maker 
.will  in  vain  attempt  to  fubftitute  the 
powder  of  potfiierds,  or  of  broken 
pipes,  in  the  place  of  clay.;  thefe 
powders  may  be  ferviceable  on  fome 

* 

occafions,  . v;hen  mixed  with  clay, 
but  they  cannot,  on  any,  fuperfeck 
its  ufe*. 

The  whicefi:  clays  are  efteemed  the. 
pureft,  but  even  thefe,  befide  other 
impurities,  generally  contain  a very 

corl- 

* In  the  Mem.  Je  I’Acad.  ties  Scien.  tic 
PrufTe,  1749,  there  are  fome  experiments  tend- 
ing to  prove,  that  the  tenacity  of  clay  is  owing 
to  fome  inflammable  matter  which-  is  mixed 
wi^i  it,  and  which  is  eafily  confumed  in  the 
fire; 
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confiderable  portion  of  fine  fand.  I 
took  16  ounces  of  the  finefl:  pipe 
clay  from  Dorfetfhir.e,  and  by  * re- 
peatedly wafhing  it  in  Ia#ge  quan- 
tities of  water,  and  pouring  off  the 
turbid  water,  I colleded  a rand}^  fe- 
diment,  amounting,  when  well  dried, 
to  three  ounces.  I have  no  doubt  that 
this  clay  contained  a much  greater 
proportion  of  fand  than  what  I had 
been  able  to  collecl ; for  the  white 
particles  which  had  been  fufpended 
in  the  water,  certainly  confided  in 
part,  of  a fand  of  a finer  grain  than 
what  had  fettled  to  the  bottom,  for 
they  were  very  fenfibly  gritty  be- 
tween the  teeth.  It  may  eafily  be 
conceived,  that,  in  walking  clays,  the 
fined  part  of  the  fand  contained  in 
them  will  remain  fufpended  in  the 
water,  and  that,  on  this  account,  the 
VOL.  II.  R 'fedi- 
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fediment  colle(5led  at  the  bottom  of 

the  veffel,  in  which  the  operation  is 
performed,  will  not  give  the  true 
proportion  of  .the  fand  which  enters 

into  their  compofition.  In  confirma- 
tion of  this  idea,  we  have  been 
inflruded  by  the  experiments  of  a 
very  able'-ehemift,  to  confider  fine 
white  clays,  as  confifting  of  about  3 
parts  in  8 of  true  argillaceous  earth., 
and  of  about  5 parts  in  8 of  fand,  or 
earth,  refembling  powdered  flints 
All  forts  of  earthen  wares,  from 
the  coarfer  pots  to  the  fineft  pieces 
of  either  Afiatic  or  European  por- 
celane,  confifi;  either  wholly  or  prin- 
cipally 


M.  Margraaf’s  Qpnf.  Chy.  Vol.  II. 
p.  1 7 1 . — Is  It  poflible,  by  any  artificial  or  na- 
tural comminution  of  its  parts,  to  reduce  the 
fand  found  in  clay  into  a true  argillaceous  earth  ? 
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cipally  of  clay.  There  are  a great 
many  forts  of  clay,  which  differ  from 
each  other  in  colour,  in  tenacity,  in 
the  degree  of  contraction  which  they 
fuffer  in  being  burned,  in  their  power 
of  refitting  the  aCtion  of  fire  without 
being  melted,  and  in  many  other 
properties ; and  hence  we  need  be 
at  no  pains  to  prove,  that  the  proper- 
ties of  earthen  wares  mutt  be  very 
various,  according  to  the  properties 
of  the  clays  from  which  they  are 
formed ; and  this  variety  becomes 
{till  greater,  when  we  take  into  con- 
fideration  the  ingredients  which  are 
purpofely  mixed  ‘with  the  natural 
clays. 

The  fiint  or  white-Jlcne  ware  is 
made  in  Staffordfhire,  and  other 
places,  in  the  following  manner. — • 
Tobacco-pipe  clay,  which  they  have 
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fromDorfetfhire,  is  beat  much  in  wa- 
. ter ; by  this  procefs  the  finer  parts  of 
the  clay  remain  fufpended  in  the 
water,  whilfi:  the  coarfer  fand  and 
other  impurities  fall  to  the  bottom. 
The  thick  liquid,  confifting  of  water 
and  the  finer  parts  of  the  clay,  is 
further  purified  by  being  pafled 
1 through  hair  and  lawn  fieves  of  dif- 
ferent degrees  of  finenefs : the  clay 
" is  then  fufiiciently  prepared  to  be 
.mixed  with  powdered  flint,  the  other 
ingredient  in  the  ftone  ware.  They 
ufe  annually  in  Staflbrdfhire  about 
5000  tons  of  flint,  which  they  have 
from  Hull.  They  have  a tradition 
concerning  the  firft  introduction  of 
flint  into  their  potteries,  which  is 
briefly  this : — A Staffordlhire  potter, 
about  80  years  ago,  in  travelling  to 
Xondon,  met  at  an  inn  upon  the 

road 
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road  with  an  oilier,  who  undertook 
to  cure  a diforder  in  his  horfe’s  eye./i 
The  ohler  took  a flint  flone,-  and' 
having  calcined  it  for  a fufficient 
length  of  time  in  a hot  fire,  it  be- 
came very  white ; he  pounded  it 
into  a fine  powder,  and  blewfome- 
of  it  into  the  eye  of  the  animal  ; the 
potter  took  the  hint,  conceiving,  that 
as  flints  could  be  calcined  and 
pounded  into  a fine  white  powder, 
they  might  be  ufed  in  conjunflion  • 
with  clay,  to  make  a whiter,  ware 
than  the  clay  would  do  alone.  He 
amaffed  large  quantities  of  flints, 
burned  and  pounded  them  in  fecret, 
and  found  the  event  anfwerable  to 
his  expedlation.  The  difcovery  foon 
became  general,  and  many  lives  were 
loft  from  the  powder  of  the  flint 
being  inhaled  by  the  men  employed. 
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in  pounding  it ; horfes  were  after- 
wards iifcd  for  the  fame  purpofe, 
and  for  fome  time  paft  they  have 
been  accuftomed  to  grind  their 

I 

flint  *.  If  the  flints  are  pounded, 
or  ground  by  inftruments . of  iron, 
the  powder  is  not  fo  good  as  it  ought 
to  be,  for  the  particles  of  the  metal, 
which  are  abraded  during  the  opera- 
tion, being  mixed  with  the  powder, 
give  the  ware,  when  burned^  a bad 
colour. 

a hey  formerly  were  accufbomed 
to  grind  their  flints  with  MoorfionCy 
or  Granite 'y  but  of  late  years  a large 
bed  of  Cherte  (a  fpecies  of  flint)  has 

been 

* I fufpeft  the  date  affigned  by  this  tradi- 
tion to  the  potter’s  difcovery,  for  the  grinding 
of  flints  is  incidentally  mentioned  as  praAifed 
at  Bro/ely  in  the  year  1697, — Phil.  Tranf. 
No.  228. 
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been,  difcovered  near  Bakemell  in 
Derbyjhirey  and  the  Staffordihire  and 
Yorkfliire  potters  prefer  it  to  Moor- 
ftone  for  grinding  their  flints  : it  is 
very  hard,  and  being  itfelf  of  the 
nature  of  flint,  the  parts  of  it  which 
arc  worn  off  and  mixed  with  the  ^ 
flints  in  grinding,  do  not  vitiate  the 
quality  of  the  flint  powder.  It  is 
fold  at  the  quarries  for  8s.  a ton,  of 
which  the  Duke  of  Rutland^  as  lord 
of  the  foil,  has  5s.  and  the  work- 
men the  other  3s.  for  raifing  it.  It  Is 
reckoned  that  they  annually  raife 
between  four  and  five  hundred  tons, 
befides  the  finallcr  pieces,  which  are 
thrown  by  as  refufe ; but  which 
might  be  calcined  upon  the  fpot 
inftead  of  flint,  and  being  ground 
there,  might  anfwer  the  purpofe  of 
ground  flint ; though  as  coals  are 
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comparatively  dear  at  BakeweJl,  and 
as  there  is  no  navigation  from  thence 
into  Staffordfhire,  I am  not  certain 
whether  the  ground  Chert  could  be 
afforded  to  the  potters  at  an  eafier 
rate  than  they  can  prepare  their 
hint.  However,  Chert  is  very  com- 
monly  to  be  met  with  in  other  parts 
as  well  as  at  Bakewell,  though  not, 
perhaps,  in  fuch  large  quantities, 
and  therefore  the  hint  of  ufing  cal- 
cined Chert,  as  a fubftitute  for  cal* 
cined  flint,  may  be  of  fervieeto  riiofe 
who  are  better  fituated  with  refpedt 
to  fuel  and  water  carriage  than  they 
are  at  Bakewell. 

When  the  flints  have  been  pro- 
perly calcined  and  ground,  they  are 
fifted  in  water  till  the  water  is,  as 
near  as  may  ,be,  of  the  fame  thick- 
nefs  as  that  in  which  the  clay  is  luf- 

pended ; 
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pended;  then  the  liquid  clay  and' 
iiints  are  mixed  together  in  various- 
proportions,  for  various  wares,  and 
left  to  fet ; the  mixture  is  then  dried 
in  a kiln,  and  being  afterwards 
beaten  to  a proper  temper,  it  be- 
comes fit  for  bein^  formed  at  tli€ 
wheel,  into  diflies,  plates-,  bowls,  &c. 
When  this  ware  is  to  be  put  into 
the  furnace  to  be  baked,  the  feveral 
pieces  of  it  are  placed  in  cafes,  made 
of  clay,  called  Seggars,  which  are 
piled  upon  one  another,  in  the  dome 
of  the  furnace  y a fire  is  then  lighted, 
and  when  the  ware  is  bj  ought  to 
a proper  temper,  which  happens  in 
about  48  hours,  it  is  glazed  by  com- 
mon fait.  The  fait  is  thrown  into 
the  furnace  (through  holes  in  the 
upper  part  of  it),  by  the  heat  of 
which  it  is  infiantly  converted  into 

a thick 
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a thick  vapour,  which  circulating 
through  the  furnace,  enters  every 
feggar  through  holes  made  in  its  lide 
(the  top  being  covered  . to  prevent 
the  fait  from  falling  upon  the  ware), 
and  attaching  itfelf  to  the  furface  of 
the  ware,  it  forms  that  vitreous  coat 
upon  the  furface  which  is  called  its 
glaze. 

This  very  curious  method  of  glaz- 
ing earthen  ware,  by  the  vapour  of 
common  fait,  was  introduced  into 
England  from  Holland,  at  leaft  it 
was  introduced  from  thence  into 
Stalfordfhire,  about  8o  years  ago,  by 
two  Dutchmen.  An  old  man  in- 
formed the  perfon  from  whom  1 had 
the  account,  that  he  remembered, 
when  he  was  a boy,  running  with 
others  to  help  to  exdnguiOi  what 
from  the  fmoke  he  apprehended 

to 
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to  be  a fire  in  the  pottery  where 
the  Dutchmen  were  working,  but 
that  their  entrance  was  oppofed  by 
the  proprietors  of  the  pottery,  who 
were  unwilling  that  the  caufe  of  the 
fmoke,  which  was  the  common,  fait 
they  were  ufing  in  glazing  their  ware, 
fhould  be  generally  known. 

The  Yellow  or  ^een's  ware,  is 
made  of  the  fame  materials  as  the 
flint  ware,  but  the  proportion,  in 
which  the  materials  are  mixed,  is  not 
the  fame,  nor  is  the  ware  glazed  in 
the  fame  way.  The  flint  ware  is  ge- 
nerally made  of  4 meafures  of  liquid 
flint,  and  of  18  of  liquid  clay ; the 
yellow  ware  has  a greater  proportion 
of  clay  in  it ; in  fome  manufadbories 
they  mix  20,  and  in  others  24  mea- 
fures of  clay  with  4 of  flint.  Thefe 
proportions,  if  eflimated  by  the 

weight 
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weight  of  the  materia'ls,  would  proi 
bably  give  for  the  flint  ware,  about' 
3 hundred  weight  of  clay  to  i hun^ 
dred  weight  of  ftint,  and  for  the  yel- 
low ware  fomewhat  more  clay.  The 
proportion,  however,  for  both  forts 
of  ware  depends  very  much  upon 
the  nature  of  the  clay,  which  is  very 
variable  even  in  the  fame  pit  i hence 
they  cannot  be  certain  of  the  exadt 
quantity  of  flint  which  they  ought 
to  mix  with  the  clay,  till  they  have 
made  fome  trial  of  the  quality  of  the 
clay  by  burning  a kiln  of  the  ware; 
If  there  is  too"  much  flint  mixed  with 
the  clay,  the  ware,  when  expofed  to 
the  air  after  burning,  is  apt  to  crack  j 
and  if  there  is  too  little,  the  ware 
■will  not  receive  the  proper  glaze 
from  the  circulation  of  the  fait  va- 
pour,. This  glaze,  eveiv  when  it  is 
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perfed,  is  in  appearance  lefs 
beautiful  than  the  glaze  on  the  yel- 
• low  ware.  This  yellow  glaze  is 
made  by  mixing  together  in  water, 
till  it  becomes  as  thick  as  cream,  1 12 
pounds  of  white  lead, -24  pounds  of 
ground  flint,  and  6 pounds  of  ground 
flint  glafs.  Some  manufadlurers  leave 
out  the  glafs,  and  mix  only  80 
pounds  of  white  lead  with  20  pounds 
of  ground  flint,  and  others  doubtlefs 
obferve  different  rules,  of  which  it  is 
very  difficult  to  obtain  an  account. 
The  ware,  before  it  is  glazed,  is 
baked  in  the  fire,  by  this  means  it 
acquires  a property  of  llrongly  im^ 
bibing  moifture  (we  perceive  fome- 
thing  of  this  in  the  force  with  which 
a new  pipe  flicks  to  the  lips,  though 
the  pipe  has  received  a kind  of  glaze 
Jby  being  rubbed  with  bees  wax  after 

bein^ 
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being  baked),  it  is  therefore  dipped 
in  the  liquid  glaze  and  fuddenly 
taken  out,  the  glaze  is  imbibed  into 
its  pores,  and  the  ware  prefently  be- 
comes dry  : it  is  then  expofed  a fe- 
cond  time  to  the  fire,  by  which 
means  the  glaze,  which  it  had  im- 
bibed, is  melted,  and  a thin  glalTy 
coat  is  formed  upon  its  furface  : the 
colour  of  this  coat  is  more  of'lefs 
yellow,  according  as  a greater  or  lefs 
proportion  of  lead  has  been  ufed. 
The  lead  is  principally  inftrumental 
in  producing  the  glaze,  as  well  as  in 
giving  it  the  yellow  colour ; for  lead, 
of  all  the  fubdances  hitherto  known,, 
has  the  greateft  power  of  promoting 
the  vitrification  of  the  fubftances 
with  which  it  is  mixed.  The  flint 
ferves  to  give  a confiftency  to  the 
lead  during  the  time  of  its  vitrifica- 
A tion. 
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tion,  aud  io  binder  it  from  becoming 
too  fluid,  and  running  down  the  fides 
of  the  ware,  and  thereby  leaving  them 
unglazed.  The  yellowifh  colour, 
which  lead  gives  when  vitrified  with 
flints,  may  be  wholly  changed  by 
very  fmall  additions  of  other  mineral 
fubftances ; thus,  to  give  one  in- 
ftance,the  beautiful  black  glaze, 
is  fixed  on  one  fort  of  the  ware  made 
at  Nottingham,  is  .compofed  of  21 
parts  by  weight  of  white  lead,  of 
5 of  powdered  flints,  and  of  3 of  an 
earth,  or  meullic  mineral  called 
Manganefe, 

Tlie  powder  into  which  calcined 
flints  are  ground,  is  whiter  than  com- 
mon fand,  and  of  a finer  grain;  and 
hence  it  conftitutes,  when  mixed 
with  clay,  a fpecies  of  earthen  ware, 
fuperior  to  that  in  which  land  is  ufed 
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“as  an  ingredient  j the  coarfe  ftone 

V 

-ware  made  at  Briftol,  is  compofed  of  ‘ 
tobacco-pipe  clay  and  fand,  and  is 
glazed  by  the  vapour  of  fak,  like 
the  Staffordlhire  flint  ware,  but  it  is 
far  inferior  to  it  in  beauty.  As  our 
flint  ware  is  fupericr  to  the  ftone  ware 
. here  mentioned,  becaufe  it  is  made  of 
materials,  which,  though  of  the  fame 
kind,  are  of  a finer  quality  than 
' thofe  which  enter  into  the  compofi- 
' tion  of  ftone  ware ; fo  is  it  inferior 
^ to  all  the  forts  of  porcelane  in  white- 
nefs  and  tranfparency ; becaufe  pow- 
r dered  flints  and  tobacco-pipe  clay, 

, are  neither  of  them  fo  white  and  pure 
as  the  clays  and  flints  of  which  all 
porcelanes  are  made.  According  to 
"this  notion,  the  only  difference  be- 
\tween  porcelanes  and  many  forts  of 

^ earthen  ware;  confifts  in  the  finenefs 

and 
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and  proportion  of  the  ingredients ; 
and  thefe  caufes  joined  to  the  differ- 
ent degrees  of  heat  employed  in  bak- 
ing different  poreelanes,  are  abun- 
dantly fiuTicient  to  account  for  all 
the  varieties  obfervable  in  the  grain, 
colour,  hardnefs,  and  tranfparency, 
of  different  forts  of  china. 

We  are  told  that  the  component 
parts  of  oriental  porcelane  “ are  (i ) 
A'vitr^cent^QTiy  fubftance,  reduced 
10  an  impalpable  powder,  Petunfi, 
(2)  An  mvitrifiahle  uncluous  clay,  re- 
duced to  an  impalpable  powder  alfo. 
Kaolin,  Thefe  are  thoroughly  mixed, 
the  latter  in  as  fmall  proportion  as 
poffible,  and  then  moulded  and 
baked.  (3)  A varnifh  compofed 
of  the  fineft  particles  of  a foapy 
earth,  diflblved  in  water  to  the 
confidence  of  a cream,  in  which, 
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when  dry,  the  pieces  are  dipped. be- 
fore they  are  baked*’"'.”  The  Chinefe 
'PetuJiJe  differs  from  powdered  flints, 
in  being  fufible  in  a flrong  degree 
of  heat,  whereas  flints  are  not  fufible ' 
in  a fire  fufficient  for  the  baking  of 
porcelane,  unlefs  they  are  mixed  with 
fome  heterogeneous  matter ; and  this 
property  of  the  Petunfe^  probably, 
gives  to  china  a degree  of  tranfpa- 
rency  notobfervablein  our  flint  ware; 
for  the  vitrifiable  Petunje,  when  mixed 
with  the  unvitrifiable  clay,  may  com- 
municate a degree  of  vitrioufnefs  to 
the  compound. 

The  moorftone  or  granite  found  in 
Cornwall  is  thought  to  refemble  the 
Chinefe  Petunfe ; and  the  Soap-rock ^ 
whith  is  plentifully  met  with  at  the 
Land's  End,  is  efleemed  a fpecies  of 

Kaoliny 

* Campbell’s  Surv,  of  Brit,  Vol.  II.  p.  i8. 
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Kaolin,  and  is  much  fought  after  by 
the  makers  of  porcelane.  The  granite* 
is  looked  upon  by  mineralogifts  as  a 
vitrifiable  (tone,  at  lead  as  to  the 
greateft  part  of  it  * ; and  there  may, 
probably,  be  difcovered  other  Hones 
which  poffefs  the  fame  property. 
The  lead  mines  in  Derbyfh  ire  abound 
in  two  kinds  of  fpar,  which  are  very 
different  from  each  other  in  figure 
{where  the  figure  is  difcernible),  in 
v/eight,  and  in  the  change  which 
they  undergo  from  the  adtion  of  fire. 
The  figure  of  one  of  the  kinds  of 
fpar  is  that  of  a lozenge  or  rhomb ; 
the  figure  of  the  other  is  that  of  a 
die  or  cube  : a cubic  foot  of  the  rhom- 

s 2 boidal 

Expofc  au  Tcu,  11  s’y  vitrlfie,  a I* 

exception  dll  mica,  ct  du  cement  qiii  fouffrent 
la  meme  violence  du  feu  fans  en  etre  altere. — 
Miner,  par  M.  Val.  de  Bomare,  Vol.  I.  p.  275'* 
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boidal  fpar  weighs  2700  ounces  j a 
cubic  foot  of  the  cubical  fpar  weighs 
3219  ounces  : the  rhomhoidal  fpar,  in 
being  calcined  in  a flrong  fire,  lofes 
near  18  parts  in  40  of  its  weight, 
and  is  changed  into  quicklime  ; the 
cubical  fpar  in  the  fame  degree  of 
heat  lofes  about  i part  in  40  of  its 
weio^ht,  and  is  not  converted  into 
quicklime  : the  cubical  fpar  may  be 
melted  in  a degree  of  heat,  in  which 
the  rhomboidal  fpar  remains-  unmek- 
ed  ; . and  from  this  propert)^  the  cu- 
bical fpar  might,  probably,  be  u fed 
with  advantage  by  the  porcelane  ma- 
nufadurers.  Some  mines,  as  thofe 
near  Critch  in  Derby/hire,  yield  no 
kind  of  fpar  but  the.  cubical ; wliilft 
others  yield  only  the  'rhomboidal; 
and  fome  yield  both  : I have  feen  a 
narrow  crack  in  a limeftone  rock, 

coated 
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coated  on  one  fide  with  the  cubical, 
and  on  the  ocher  with  the  rhomboidal 
fpar. 

Having  fallen  into  the  mention  of 
fpars,  it  may  juft  be  obferved,  that 
Blue~Jobn,  which  has,  of  late  years, 
been  fabricated  into  vafes,  and  other 
ornamental  figures,  is  of  the  fame 
quality  as  the  cubical  fpar,  with  re- 
fped  to  its  fufibility  in  the  fire;  it 
lofes,  moreover,  its  colour,  and  be- 
comes white  in  a moderate  heat  ; the 
weight  of  a cubic  foot  of  the  blueft 
kind  is  3180  ounces,  and  that  of  a 
cubic  foot  of  the  lead  blue  is  3140 
ounces.  This  fubftance  was  firft 
difeovered  (or  more  properly  fpeak- 
ing,  it  firft  began  to  be  applied  to 
fome  life),  about  16  years  ago,  at  one 
of  the  old  eft  lead  mines  in  Derbyjhirey 
called  the  Odin  mine  (probably  from 

s 3 its 
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its  being  dedicated  to  Odhyiht  great 
God  of  the  northern  nations),  at  the 
foot  of  a high  mountain  called  Mam 
^or  near  Caftleton.  Spars  tinctured 
'with  the  amethyft  colour  have  been 
difcov.ered  in  other  mines ; there  is 
great  plenty  of  what  they  call  the 
chocolate  coloured  fpar,  in  a mine  at 
Critch  (a  few  miles  from  Matlock), 
where  I faw,  the  laft  year,  a piece  of 
oak,  which  had  ftood  long  in  the 
water  of  that  mine,  tinged  with  a 
deep  purple  colour ; but  the  greatefl: 
quantity  of  Blue-John  is  dill  raifed 
at  Caftleton ; the  larged  pieces 
fold  for  9 pounds  a ton,  the  middle- 
fized  for  6 pounds,  and  the  lead  for 
fifty  ddllings. — But  to  return  to  the 
confideration  of  porcelane. 

Several  European  nations,  in  par- 
ticular the  Germans,  ihc'Engliftj,  the 
. ' ' French, 
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French,  and  the  Italians,  have,  fince 
the  beg^inning  of  the  prefent  century, 
applied  themfelves,  with  great  in- 
duftry  and  ingeniiit}^  to  the  making 
of  porcelane,  and  they  have  all  of 
them  arrived  at  great  .perfed'ion  in 
the  art ; though  none  of  the  Euro- 
pean porcelanes,  unlefs,  pci  haps,  we 
except  \\\^ljrejden,  can  yet  he  faid  to 
equal,  both  in  ftrength  and  beauty, 
the  porcelanes  which  are  imported 
from  China  and  Japan.  The  Bref- 
den  and  the  German  porcelanes,  in 
general,  are  as  unvitrihable  as  the 
Ahatic;  while  moft  of  the  others 
which  are  made  in  Europe,  may  be 
vitrified  by  a longer  contination  of 
the  heat  in  which  they  are  baked. 
The  being  or  the  not  being  converti- 
ble into  glafs  in  a flrong  fire,  is  one 
of  the  principal  criteiions  by  which 
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connoUTeurs  judge  of  thegoodnefs  of 
porcelane,  that  being  efteemed  the 
bed  which  is  the  leaft  fufible.  Porce- 
lane being  feldom  expofed  to  a degree 
of  heat  greater  than  that  of  boiling 
water,  it  feems  to  be  an  odd  method 
of  judging  of  its  worth,  by  inquiring 
whether  it  is  capable  of  fudaining, 
unaltered  in  its  form,  a degree  of 
heat  fiifficient  to  convert  many  other 
fubftances  into  glafs ; but  probably 
that  fort  of  it  is  the  moft  hard,  and 
tough,  and  befl  capable  of  bearing 
the  fudden  tranficions  from  heat  to 
cold,  which  is  baked  with  the 
ftrongeft  hear ; and,  if  this  be  true, 
then  there  is  a good  reafon  for 
efteeming  that  china  to  be  the  beft, 
which  is  the  mod  unfufible,  inaf- 
much  as  it  has,  probably,  under- 
, gone  a dronger  fire  in. being  baked 

than 
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than  the  more  fufible  kinds  could 
fupport. 

There  is  fome  reafonfor  thinking, 
that  the  ftrength  of  porcelane  has 
fome  dependence  on  its  weight,  for 
the  more  clofely  its  parts  are  com- 
padted  together,  the  more  forcibly, 
other  circumftances  being  the  fame, 
will  they  rehfl  the  impulfe  of  a ftroke 
tending  to  difunire  them.  I have 
eftimated  the  relative  weights  of  moft 
of  our  Englifh  porcelanes ; but  I 
forbear  mentioning  particulars,  as  I 
fhoiild  be  forry  to  fay  any  thing 
which  might  have  the  moft  diftant 
tendency  to  injure  any  individual ; 
efpecially  as  the  great  price  of  labour 
in  this  country,  and,  indeed,  in  all 
parts  of  Europe,  compared  with  its 
price  in  Alia,  muft  ever  render  the 
engaging  in  a porcelane  manufadlory 

a ha- 
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a hazardous  undertaking '^vhliri:  the 
importation  of  Afiatic  porcelane  is 
allowed.  The  beft  mode  of  en- 
couraging the  European  manufacflo- 
ries  of  porcelane,  would  be  the  im  po- 
rtion of  a heavy  duty  on  that  which 
is  brought  from  Afia.  It  is,  I be- 
lieve, generally  acknowledged,  that 
the  yellow  ware  is  far  more  brit- 
tle than  the  flint  ware ; the  relative 
weights  of  a cubic  foot  of  thefe 
w'ares,  and^^of  Eaft  India  china,  were 


Eaft  India  china 
Flint  ware 
Yellow  ware 


2346] 

2188  ' ounces  avoird. 

1988  J 


Now  fuppofing  a plate  of  the  com- 
mon yellow  or  queen’s  ware  (for 
there  are  very  different  forts  of  it) 
to  weigh  12  ounces ; then  will  a 
plate  of  the  flint  ware,  of  exadly  the 

fam.e 
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fame  fize  and  thicknefs,  weigh  131- 
ounces;  and  an  equal  plate  of  china 
will  weigh  14-^  ounces;  and  hence 
we  need  not  wonder  at  the  great 
fragility  of  the  common  yellow  ware^ 
when  compared  either  with  china  dr 
flint  ware.  The  coarfe  Briftol  ftone- 
ware  has  nearly  the  fame  weight  as 
china,  a cubic  foot  of  it  weighing 
2340  ounces. 

The  precife  meaning  of  the  term 
marie  is  not  yet  fully  fixed  ; it  is 
moft*  generally  ufed  to  denote  an 
earthy  or  ftony  fubfiiartce,  confift- 
ing  principally  of  clay  and  calcareous 
earth,  and  falling  into  powder  by 
expofure  to  the  air.  There  are  feve- 
ral  folid  ftrata  of  ftones,  fuch  as  the 
Derbyfhire  Jhale  and  toadftone^  which 
moylder  into  powder  by  expofure  to 
the  air,  and  yet  they  are  not  efleemed 

marlcs. 
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marks,  becaufe  they  do  not  contain 
any  calcareous  earth ; there  are  alfo 
limeftones  which  contain  portions  of 
clay,  and  clays  which  contain  por- 
tions of  limeflone,  but  which  not 
falling  into  powder  by  the  influence 
of  the  air,  are  not  claflTed  amongft 
the  marks;  and  hence  thefe  two 
properties,  of  containing  calcareous 
earth,  and  of  falling  into  powder 
when  expofed  to  the  air,  may  be 
efteemed  charafteriftic  of  marks ; 
and  they  are,  perhaps,  the  charac- 
teriflics  which  are  mod  to  be  relied 
on,  for  as  to  colour  and  conliflency 
marks  cannot  by  them  alone  be 
diftinguiflied  from  feveral  other 
bodies. 

As  the  ufe  of  mark  in  agriculture 
depends  in  fomc  fort  of  foils  upon 
the  quantity  of  calcareous  earth 

which 
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which  It  contains,  and  in  others 
upon  the  clay  which  enters  into  its 
compofition,  fome  readers  will  wlfh 
to  be  acquainted  with  a general  me- 
thod of  afcertaining  the  exa6t  pro- 
portion of  clay  and  calcareous  earth 
contained  in  any  particular  kind  of 
marie. 

.Take  an  ounce  of  the  propofed 
marie,  previoufly -reduced  into  pow- 
der, and  well  dried  ; pour  upon  the 
marie  a diluted  acid  of  Tea  fait;  am 

I 

effervefcence  will  enfue  : this  effer-' 
vefcence  arifes  from  the  adlion  of 
the  acid  on  the  calcareous  earth,  for 
the  acid  has  no  fuch  adion  on  pure 
clay,  nor  even  on  clay  and  fand,  as 
may  be  feen  by  pouring  a little  of  it 
on  pipe  clay ; when  fo  much  acid 
has  been  added  to  the  marie  that  no 
further  effervefcence  is  obfeived,  we 

may 
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may  conclude  that  all  the  calcare- 
ous earth  contained  in  the  marie  is 
now  diflblved  in  the  acid  : put  the 
whole  into  a filter ; the  calcareous 
earth  being  diflblved  in  the  acid  will 
pafs  through  the  filter,  whilfl  the 
clay  will  remain  upon  the  filter; 
wafli  the  clay,  and  the  filtering 
paper,  by  pouring  upon  them  hot 
water  till  they  are  freed  from  all 
faline  particles ; the  clay  being  after- 
wards dried,  as  the  ounce  of  marie 
had  been,  will  (hew,  by  its  lofs  of 
weight,  the  quantity  of  calcareous 
earth  which  the  marie  contained.  As 
to  the  matter  which  remains  upon  the 
filter,  and  which  has  been  called  clay, 
it  may  chance  either  to  be  pure  clay, 
or  a mixture  of  clay  and  fand  ; if  it 
is  the  latter,  the  quantity  of  fand 
4 may 
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may  be  known  by  wafliing  it  and 
collcdling  the  fediment. 

This  method  of  examining  how 
much  calcareous  earth  is  contained 
• in  any  fpecics  of  marie,  may  be  ufe- 
fiilly  adopted  alfo  when  the  clay  or 
>>marle  is  to  be  applied  to  the  making 
of  brick.  For  if  the  quantity  of 
" calcareous  earth  is  large,  the  marie 
in  being  burned  will  rather  form 
dime  than  brick,  or  the  brick  at  leaft 
will  foon  moulder  in  the  air,  in  con- 
sequence of  the  calcareous  earth 
falling  into  a powder  like  lime. — 
The  marie  dug  out  of  the  fame  pic 
is  often  very  dilferent  in  its  proper- 
ties, fome  parts  of  it  containing  fo 
much  calcareous  earth,  that  they 
may  .with  advantage  be  burned  into 
lime,  whilfl  other  portions  of  it  may 
be  made  into  good  brick.  I will 

illuftrate 
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illuftrate  what  has  been  (aid  con- 
cerning the  analyfis  of  marie,  by  an 
inflance. 

We  have  aftratum  of  lead-colour- 
ed day,  a little  beyond  Magdalen 
College,  on  the  road  to  Ely,  which 
burns  to  a whitilh.  brick : I took 
four  ounces  of  this  clay,  moift  as  it 
was  dug  out  of  a pit,  ten  or  twelve 
feet  deep  ; by  being  dried  on  a hot 
fire-lhovel  till  no  more  vapour  ap- 
peared to  rife  from  it,  the  weight 
was  reduced  to  three  ounces.  Thefe 
three  ounces,  or  60  pennyweights, 
were  put  into  a quantity  of  diluted 
acid  of  fait,  till  no  more  effervefcence 
was  obferved,  the  mixture  was  fil- 
tered, and  what  remained  upon  the 
filter,  being  dried,  weighed  46  pen- 
nyweights, the  quantity  of  calca- 
reous earth  amounting  to  14  parts 

in 
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in  6o^  or  near  4 of  the  weight  of  the 

clay  when  dried.  What  remained 
\ 

upon  the  filter  was  waflied  in  much 
water;  I obtained  a fediment amount- 
ing to  about  I pennyweight,  but  it 
was  not  a fandy  fediment,  it  refem- 
bled  an  earthy  fait,  refulting  from  an 
union  of  the  acid  of  vitriol  with 
calcareous  earth,  which  is  ufually 
called  Sclenites  ; there  was  alfo  fcpa- 
rated,  by  walhing,  a quantity  of 
greyifh  earth,  which  was  chiefly 
iron. 

The  moulds,  ufed  in  making 
bricks  from  this  clay,  are  10  inches 
in  length,  and  5 in  breadth;  and  the 
bricks,  when  burned,  ufually  mea- 
fure  9 inches  in  length,  and  44  in 
breadth,  fo  that  the  clay  flirinks 
about  I inch  in  10.  But  the  degree 
of  contradlion,  which  clays  undergo 
VOL.  II.  T in 
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in  being  burned,  is  very  various,  and 
it  does  not  folely*  depend  upon  the 
purity  of  the  clay ; for  I have  been 
informed  by  perfons  employed  in 
making  coarfe  earthen  ware  from 
fimple  clay,  that  the  fame  clay  juft 
dug  out  of  the  earth,  and  put  into 
the  fire,  will  contradl  lefs  than  when 
it  has  been  fome  time  expofed  to  the 
influence  of  the  ^ atmofphere  ; for 
froft  more  perfedly  divides  its  par- 
ticles than  any  artificial  procefs  can 
do  : the.Chinefe  are  faid  to  let  their 
clay  remain  expofed  to  the  atmo- 
fphere 20  or  30  years,  before  they 
apply  it  to  the  making  of  porcelane  : 
and  the  goodnefs  of  common  tiles, 
and  bricks,  is  much  increafed,  by 
fuffering  the  clay  to  lie  mellowing 
for  a year  or  two  before  it  is  ufed. 

' ' The 
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The  clay  here  fpoken  of,  though 
it  does  not  contain  fo  much  calca- 
reous earth  as  to  render  it  a proper 
manure  for  ftifF,  loamy  foils,  yet  it 
might  probably  be  ufed,  with  great 
advantage,  on  thofe  which  are  light 
and  fandy ; inafmuch  as  by  its  clayey 
part  (for  clay  is  greatly  retentive  of 
humidity)  it  would  contribute  to 
keep  the  ground  from  being  depriv- 
ed of  its  moifture,  by.  the  adion  of 
the  fun  and  wind  during  the  height 
of  fummer.  The  quantity  of  moif- 
ture which  is  imbibed  by  the  leaves 
of  vegetables  from  the  atmofphere, 
as  well  as  that  which  is  fucked  in  by 
their  roots,  has  a great  dependence 
on  the  moifture  of  the  ground  on 
which  they  grow ; for  when  the 
ground  is  dry,  the  air  incumbent 
upon  it  will,  comparatively  fpeaking, 

T 2 be 
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be  dry  alfo,  and  the  vegetables  which* 
grow  in  that  dry  air,  will  lack  a. 
part  of  that  moifture  which  is  necef- 
fary  to  their  well  being,  for  whether 
mcifiure  be  itfelf  the  food  of  vege- 
tables, or  only  the  vehicle  of  food, 
■it  is  indifpenfably  ncceflary  for  >the 
promotion  of  vegetation  *. 

From  the  confideratien  of  marie 
we  pafs  to  that  of  alabafter^  which  is 
feldom  found  in  beds,  except  in 
'conjunftion  with  marie.  There  is 
forae  confuiion  both  in  the  philofo- 
phical  and  in  the  common  accepta- 
tion of  the  term  alah after  ; I do  not 
mean  merely  with  refpeft  to  the 
•colour  and  tranfparency  of  the  fub- 
flance,  but  with  relation  to  its  con- 
ftituent  parts.  This  confufion  may 

be 

* Vegetabilia  omnia  a llquorlbus  omnlno 
CT^feunt.— Newton.  , 
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be  greatly  removed,  by  admitting 
two  forts  of  alabafter,  which  are 
elfentially  different  from  each  other, 
calcareous  and  gyffcous  alabafter  : to 
which  fort  any  particular  fpecimen 
belongs,  may  be  determined  by  the 
cafieft  experiment.  Dip  a feather  in 
the  acid  of  fea  fait,  touch  the  fpeci- 
men of  alabafter  with  the  wet  fea- 
ther, and  if  an  effervejcence  enfues, 
the  alabafter  is  calcareous^  it  is  of  the 
nature  of  marble,  and  miay  be  burned 
into  lime  ; if  no  effervejcence  enfues, 
the  alabafter  is  gypfcous,  it  is  of  the 
nature  of  Plajler  of  Paris^  and  very 
different  from  every  fort  of  marble. 
Tliis  fubftance  is  called  in  the  north 
of  England  allplajler,  being  a cor- 
ruption probably  of  alabafter  ; and 
It  is  alfo  often  called  by  the  Latin 
appellation  gypjum,  efpecially  by  the 

T 3 - French. 
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Trench.  Gypjum  was  applied  by  the 
ancients  to  the  very  fame  purpofes 
to  which  it  is  applied  by  us  ,*  they 
ufed  it  in  architefture  for  the  making 
of  ceilings,  medallions,  and  cornices; 
and  even  the  name  of  the  perfon 
who  firft  invented  the  method  of 
taking  off  the  impreffion  of  a man’s 
face  in  gypfum,  has  been  preferved 
by  Pliny 

There  are  fome  forts  of  alabajier 
which  differ  fo  widely  in  weight, 
both  from  the  fineft  kinds  of  plafter- 
ftone,  and  of  calcareous  ifone,  that 
I know  not  how  they  can  properly 

be 

* Ufus^jfj^in  albariis,  figilHs  Jedificiorum, 
€t  coronisgratifiimus.PlIn.Hift.  Nat.  L.  xxxvi. 
f.  59. — Hominis  autem  imaginem  gypfo  e facit 
ipfa  primus  omnium  expreflit  Lyfiftratus.  Id. 
L.  XXXV.  f.  54.  where  it  is  obferved  that  the 
cajl  was  improved  by  pouring  into  the 
gypfum  mould. 
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be  confidered  as  being  of  the  fame 
nature  wkh  either  of  them.  Mr. 
Cotes  has  fixed  the  weight  of  a cubic 
foot  of  alabafher  at  1875  ounces'^, 
and  two  other  authors  have  repre- 
fented  it  as  weighing  1872  ounces^j^. 
I have  tried  fev’eral  fpecimens  of  the 
fined  Derbyfhire  plader-done,  and 
find  that  a cubic  foot  of  it  weighs, 
at  a medium,  2286  ounces  ; a cubic 
foot  of  the  Derby  fiii  re  watricle',  which 
is  a fine  calcareous  done,  refembling 
alabader  in  colour  and  tranfparency, 
weighs  2 7 20- ounces. 

Two  fubdances  when  combined 
together  in  different  ways,  or  in  dif- 
ferent proportions,  may  conditute  a 
great  variety  of  bodies  differing 

much 


* Cotcs’»  Hydros. 

*{•  Muncherlbrock — W allcrlus. 
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mud]  from  each  other  in  external 
appearance,  and  fomewhat,  probably, 
in  their  internal  properties.  We 
have  an  inftance  of  this  in  the  com- 
bination of  the  acid  of  vitriol  with 
calcareous  earth,  for  this  combina- 
tion conftitutes  a great  many  fub- 
ftances  exceedingly  different  from 
each  other  in  appearance.  I will 
mention  fome  of  the  moll  remark- 
able. (1)  A folid  fubftance  not  fo 
hard  nor  fo  heavy  as  marble,  nor  fo 
capable  of  receiving  a fine  polifli, 
but  confiding  of  finer  particles,  and 
having  a greater  degree  of  tranfpa- 
rency  — Gypjeous  alahajier.  (2)  A 
fubftance  compofed  of  larger  par- 
ticles than  the  preceding,  and  hav- 
ing a fcaly  or  granulated  texture — 
Plajier-fiofie.  (3)  A ftibftance  whofe 
parts,  inftead  of  being  flat  or  granu- 
lated. 
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lated,  lie  in  longitudinal  fibres,  like 
a parcel  of  needles,  or  a ikein  of 
thread  — Striated  gypjum.  (4)  A 
.pellucid  fubftance  confifting  of  a 
number  of  tranfparent  plates  of  a 
lozenge-like  form,  found  in  great 
plenty  and  perfection  at  Shotover-hilly 
near  Oxford  — Rhomboidal  Jeknites, 
(5)  Some  take  the  lapis  Jpecularis^ 
which  the  ancients  ufed  inftead  of 
glafs,  to  have  been  compofed,  like 
all  the  preceding  bodies,  of  the  acid 
of  vitriol  and  calcareous  earth  ; 
whilfi:  others  look  upon  it  as  a fpecies 
of  tale^  which  differs  from  plafter- 

0 

(lone  in  this,  that  it  does  not,  after 
being  calcined  and  wetted  with  water, 
fwell  and  concrete  into  a hard  ftony 
fubftance.  This  lapis  Jpecularis  came 
into  ufe  at  Rome  in  the  age  of  Se^ 

neca ; 
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neca*-,  it  was  foon  after  this  intro- 
dudion  applied  not  only  to  lighten 
apartments,  but  to  proted  fruit  trees 
from  the  feverity  of  the  weather  f ; 
and  it  is  recorded  to  have  been  prin- 
cipally by  'its  means,  that  the  Em- 
peror Tiberius  was  enabled  to  have 
• cucumbers  at  his  table  during  almoft 
every  month  in  the  year;j;.  I be- 
lieve 

* Qusedam  noftra  demum  prodiifle  memoria 
fcimus,  ut  fpeculariorum  ufum,  perlucent  tefta, 
claram  tranfmittentium  lucem.  Sen.  E.  p.  90. 
f Pallida  ne  Cilicum  timeant  pomaria  bru- 
mam, 

Mordeat  et  tcnerum  fortior  aura  nemus : 
Hibcrnis  objedla  no\.h  fpccularia  puros 

Admittunt  foies,  et  fine  fsecc  diem. 

Mar.  L.  viii.  Epig.  1401  68. 

Niliilominus  fpecular'ibus  integi  debebunt, 
ut  ctiam  frigoribus  ferenis  diebus  tuto  prodii- 
cantur  ad  folem.  Hac  ratione  fere  toto  anno 
Tiberio  Caefari  cucumis  praebebatur.  Colum. 
L.  xi.  c.  3. 
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'lieve  it  is  ftill  ufed  in  fome  countries 
in  the  place  of  glafs,  and  we  certainly 
know  that  it  was  fo  ufed  in  the  time 
of  Agricola,  for  he  mentions  two 
churches  in  Saxony  which  were  light- 
ed by  it 

If  the  lapis Jpecularis  was  a kind  of 
plafter-Jione,  it  muft  have 
been  fubjed:  to  one  inconvenience,  it 
•could  not  have  long  flood  the  a<51:ion 
of  the  weather  : for  gypfeous  alahajier, 
-plafter-ftone,  Jelenites,  and  all  other 
.combinations  of  the  acid  of  vitriol 
with  calcareous  earth,  are  foluble  in 
water,  either  wholly,  or  in  a great  de- 
gree. Thefe  fubflances  require,  in- 
deed, a greater  proportion  of  water 
to  diffolve  them,  than  any  other  fa- 
line  fubflances  do,  but  they  are,  ne- 
ver thelefs,  foluble  in  water. 

I took- 


■*  Agn’c.  de  Natura  Folk  L,  v,  p.  257. 
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I took  fome  very  white  plaffer- 
ftone,  and  pounded  it  into  a fine 
powder  ; 1 pennyweight  of  this  pow- 
der was  put  into  a pail,  containing 
10  quarts  of  water  ; the  powder  was 
entirely  diflblved  in  it ; from  hence 
we  learn^  that  this  kind  of  plafher- 
ftone  is  wholly  foluble  in  water';  the 
water  was  pump  water  of  48  degrees 
of  heat.  I thought  that  this  quan- 
tity of  water  was  perfecVly  faturated’ 
with  4 pennyweights,  or  96  grains  of 
the  powder;  and  hence  it  feems  as  if 
fpring  water,  which  is  ufually  of  the 
temperature  of  48  degrees,  would' 
diflblve  about  one  fourteen  hun- 
dredth part  of  its  weight  of  plafter- 
fione.  There  are  great  beds  of  plaf- 
ter-ftone  in  the  environs  of  Paris, 
and  the  hardnefs  of  the  well  water  of 
that  city  is  thought  to  arife  from  the 

particles 
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. ^particles  of  plafter-ftone  which  ar® 
diflblved  in  it. 

Agricola  efteemed  the  lapis  JpecU’- 
laris  to  have  been  a fpecies  of  plafter- 
ftone,  and  in  'fpeaking  of  it  he  re- 
marks, that  though  it  could  bear^ 

- without  being  injured,  the  heat  of 
-fummer  and  the  cold  of  winter,  yet 
the  largeft  maffes  of  it  were  wafted 
by  the  rain*.  I tied  a lump  of 
plafter-ftone,  weighing  two  ^ounces, 
-to  the  end  of  a pair  of  fcales,  and 
kept  it  fufpended  in  the  middle  of  a 
pail  of  water  for  48  hours,  the  water 
having  been  changed  ‘two  or  three 
times  in  the  interval ; at  the  end  of 

the 

* Res  gypfo  cognata  lapis  fpecularis — fert  ca- 
lorcs  foils  et  hyemis  frlgora,  fed  imbrium  adeo 
impatiens  eft,  ut  ft  vel  magnae  ejus  moles  ipfis 
fuerint  expofitje  cornimpantur.  Agrlc.  de  Nat. 
FofT,  L.  V,  Ed.  Baf.  1346. 
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^he  experiment,  it  appeared,  that  tKc 
plafter-ftone  had  loft  one  thirtieth  of 
its  weight. 

There  are  many  places  in  England, 
where  plafter-ftone  is  gotten  in  great 
abundance ; the  principal  of  thofe, 
which  I have  feen,  are  at  Chelaftoriy 
a fmall  village  about  four  miles  fouth 
from  Derby,  and  at  Beacon-Hill  near 
Newark,  They  annually  raife  at 
Chelafton  about  800  tons  of  plafter- 
ftone,  which  is  fold  upon  the  fpot  for 
5s.  a ton.  It  is  chiefly  ufed  for  the 
making  of  floors  in  Derbylhire,  Lei- 
cefterfliire,  and  Nottinghamlhire : 
that  which  has  a bluifti  call  is  moft 
efteemed  for  flooring;  the  very  white 
pieces  are  fold  to  the  potters ; to  the 
poliftiers  of  fpar,  who  call  it  ala- 
bafter  (though  they  get  their  beft  fort 
of  alabafter  from  Staffordftiire)  ; and 
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to  the  plafterers.  The  plafher-ftoiie 
before  it  is  ufed,  either  for  floors  or 
ceilings,  is  calcined  ; it  lofes,  in  that 
operation,  from  4 to  6 hundred 
weight  in  a ton  ; the  lofs,  however, 
in  the  fame  kind  of  ftone,  depends 
■very  much  upon  the  degree  of  heat 
with  which  it  is  calcined.  I calcin- 
ed, in  the  fame  crucible,  a piece  of 
Derbyfhire  watricle,  a piece  of  fine 
grained  plafter-ftone,  and  a piece  of 
the  ftriated  kind  from  Chelaflon. 
The  watricle  loft  after  the  rate  of  8 c. 
3 q.  17  lb.  in  a ton  ; the  plafter-ftone 
loft  after  the  rate  of  12  c.  o q.  31b. 
and  the  ftriated  kind  after  that  of 
IOC.  oq.  2 lb.  in  a ton.  When  the 
ftone  is  calcined,  thofe  parts  of  it 
which  are  expofed  to  the  greateft 
heat  are  fometimes  melted,  and  they 
frequently  acquire  a yellowilh  caft, 

_ «and 
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and  emit  a • fulphureous  exhalation, 
and  are  in  both  cafes  thrown  afide  as 
ufelefs.  The  flooring  made  from 
the  flones,  which  are  become  fulphu- 
reous  by  calcination,  is  apt  to  rife 
in  blifters;  this  proceeds  from  the 
plafter-ftone  having  loft  a portion 
of  the  vitriolic  acid,  which  enters  in- 
to its  compolition,  and  being  thereby 
changed  into  a fpecies  of  lime.  They 
calcine  the  flone  ufually  at  night, 
that  they  may  be  the  better  able  to 
obferve  when  it  becomes  red  hot,  in 
which  ftatc  they  judge  it  to  have  re- 
ceived heat  enough.  After  calcina- 
tion they  reduce  it  to  a powder,  by 
threlhing'it  with  flails,  or  grinding  it 
in  a mill ; and  when  it  is  become  of 
a due  finenefs,  they  mix  it  .with  a 
proper  quantity  of  water,  and  fpread 
it  to  the  required  thicknefs  upon 

reeds. 


reeds,  where  ir  iaimediately  concretes 
into  a folid  floor  ; 30  hundred  weight 
of  the  crude  (lone  will,  when  cal- 
cined, make  20  fq-uare  yards.0^floor- 
ing  of  2-1-  inches  in  ikicknefs*  For 
preparing  the  ftone,  an-d  fhooting 
the  floor,  the  *Derby(hire  mafons 
charge  9d.  a fqnare  yard  ; hence  20 
fqnare  yards  of  plafler  flooring,  in- 
cluding the  price  of  the  flone  at  the 

pics,  will  cofl  I 1.  2s.  6d. The 

additional  expence  muft  be  various, 
ij  depending  upon  the  price  of  the 
-conveyance  of  the-^crude  flone,  from 
the  -place  where  it  is^dug,  to  the 
-place  where  it  is  ufed.  Plafler- ftone, 
however,  is  found  in  fo  many  parts  of 
the  kingdom,  and  the  inland  naviga- 
tions are  become  fo  commodious, 
that  plafler  flooring  mivdit  be  intro- 
duced  into  many  countries  with  a 
VOL.  II.  U '-cou- 
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cotifiderable  faving  of  exp'ence;  a clr^ 
ciimftance  cfpecially  to  be  attended 
to  in  theeredionof  public  infirmaries, 
and  houfes  of  induftry. 

They  have  fawn  out  of  the  quarry, 
at  Chelafton,  fquare  blocks  of  a yard 
in  breadth  and  thidfnefs,  and  of  two 
yards  in  length ; and  blocks  of  ftill 
greater  dimenfions  have  been  raifed 
'at  a.  place  called  Red%iUs,  in  thcr 
county  of  Nottingham,  about  four 
miles  from  Chelafton.  The  done  from 
‘ the  Red-hills  is  not  fo  good  for  floor- 
ing, as  that  at  Chelafton ; it  is,  how- 
ever,* a very  beautiful  ftone.  Lord 
^Scarjdale  having  gotten  from  thence 
thofe  fuperb  columns  which  adorn  his 
hall  at  Kedlefton.  Thefe  columns  are 
made  of  different  blocks,  from  2 or 
3,  to  6 Cl'  8 feet  in  height,  which  are 
fo  artfully  cemented  together,  that 

they 
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dicy  may  be  taken  for  one  piece; 
The  blocks  are  raifed  out  of'iHe- 
€juarry,  by  being  fawn  to  the  proper- 
length  on  each  fide,  and  to  the  depth-' 
requifite  for  tl:^  thicknefs  of  the  co-* 
lumn;  the  block-  aiil-  adhering  by 
its  lower  furface-  to  the“  quarry,  is 
broken  off  from  th^ce  by  being, 
raifed  on  each  fide  with  levers.  It 
is  afterwards  rounded  into  the  pro- 
per cylindric  form  by  the  maHet  and- 
ohifel,  and'  poHflied  by  being  rubbed^ 
with  various  kinds  of  ftones,  theii^ 
with  emery,  and  laft  of  all-  w-ith> 
putty.  If  the  veins  of  the  feparate' 
blocks  which  are  to  compofe  the. 
fliafc  of  an  alabafter  column,  of  the 
kind  we  are  fpeaking  of,  do  not 
liappen  to  fuit  each  other;  in  order 
to  make  the  juncture  lefs  difcerni- 
lle,  and  to  give  a greater  appearance 

r 2 oi 
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<df  confidence  to  the  whole  column, 
fmall  pieces  arc  here  and  there  cut 
out  of  thefeparate  blocks,  and  others 
.of  a different  colour  inferted,  and 
-cemented  by  a mixtif’e  of  rofin  and 
bees*wax,  tinged  green,  red,  brown, 
yellow,  according  to  the  nature  of 
the  piece  to  b? -inferted.  , 

Alab after  columns,  ''^though  they 
arc  much  eafier  to  be  wrought  than 
marble*  and  -'When  -^dnely  poliflied 
look  very  well,  yet,  1 apprehend, 
their  poliffi  muff  be  injured  by  a cir- 
cumflanee  which  does  not  affedt  either 
ma,rkle -Oi  < calcareous  alahafter , The 
•atmofphere  is  always  much  charged 
with  humidity  ; 'upon  the  breaking 
•up  of  aTroft,  and  in  other  dates  ot 
the  weather,  fo  much  water  is  dif- 
charged  from  the  air,  that  marble, 
wainfeot,  and  other  fubftances  upon 

which 


( 3°9  y- 

which  it  fettles,  are  faid  to  fvveat'.-»«' 
Now  the  water  which  thus  fettles  on- 
2l  gypfeous  alahafter  column,  will  dif»- 
folve  part  of  the  fubft^nce  of  the  co- 
lumn, and  as  fome  parts  of  the  ala-- 
bafter  are  more  foluble  than  others,, 
the  uniformity  of*  its  furface  will  be 
injured and  the  part,  moreover,  of 
the  alabafter  vvhich  has  been  dilfolv- 
cd,  will,*  upon  the  evaporation  of  the 
water,  either  not  adhere  at  all  to  the- 
eolumn,-  or  it  will  adhere  in  fuch  3r 
way  as  to  render  the  pollfli  lefs 
glofly.-  But  whether  this  account  of 
the  matter  be  admitted  or  nory  the* 
facl,  I believe,  of  the  polifli  of  gyp-- 
feous  alabafter  beinginjurcd  by  moift 
weather,  is  not  be  denied'.  The* 
alabafter  columns  in  the  Egyptian^ 
Hall  at  Holkam,  were  dug  from  the' 
quarries  in  Staffordlhirc,  and  the  late' 

u 3 Lordi 
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L.ord  Leicefter  was  at  the  trouOiC  or 
contriving  means  to  keep  them  ‘dry 
in  moifl  weather,  left  their  poiifti 
ihould  he  impaired  by  the  adtion  of 
'the  moifture. 

They  annually  raife  about  looo 
tons  of  plafter-ftone  at  the  pits  near 
Newark  ; it  ds  fold  on  the  fpot  at 
5s.  6d.  and  at  Gainlborough  at  8s.  6d. 
a ton,  from  whence  it  is  fent  to  Lon- 
..don  and  various  other  places. 

It  having  been  faid  that  plafter- 
ftone  is  a faline  fubftance  irefulting 
from  an  union  of  the  acid  of  vi- 
triol with  a calcareous  earth,  the 
reader  may  exped.fome  proof  of  the 

aflert'ion. Boil  together  pot-afti 

and  plafter-ftone,  and  you  will  obtain 
the  fame  kind  of  fait  which  would 
ar^fe  from  uniting  the  acid  of  vitriol 
.with  pot-afh  j and  .thence  we  con- 
clude, 
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dude,  that'  the  acid  of  vitriol  is  onfc 
of  the  component  parts  of  plafter- 
ffone : that  calcareous  earth  is  th^ 
other,  is  evident  from  this  conhdera- 
tlon,  that  the  earth  which  remains 
after  the  acid  of  vitriol  has  been  fe- 
parated  from  the  plafter-ftone,  eifer- 
vefces  with  acids,  and  may  be  burned 
into  lime. 

Having  faid  fo  much  concerning 
gypfeous  alabafter,  which  is  an  earthy 
fait  refulting  frjm  an  union  of  the 
acid  of  vitriol  with  a calcareous  -earth  ; 
it  may  not  be  improper  to  add  a 
word  or  two  concerning  alu7n^  which 
is  an  earthy  fait,  compofed  of  the 
■acid  of  vitriol  and  an  argillaceous 
earth.  The  acid  of  vitriol,  when 
united  with  any  earth,  may  be  fepa- 
rated  therefrom  by  a fixed  alkali ; and 
if  we  pour  into  a folution  of  alum 

u 4 any 


32^  ) 

any  fixed  alkali,  the  earth  of  alcm 
will  be  preclpitared,  and  we  fliall 
obtain  a fait  of  the  fame  kind  as 
would  refuk  from  a diredt  combina- 
tion of  that  alkali  with  the  acid  of. 
vitriol-;  and  thence  it  is  inferred, 
that  the  acid  of  vitriol  is  one  of  the 
component  parts  of  alum : upon 

examining  the  earth,  v/hich  is  preci- 
pitated by  .the  alkali,  it  will  be  found. 
to  be  very  white,  and  very  tenacious, 
and  to  be  capable  of  being  hardened 
in  the  fire ; in  fhort,*t  is  one  of  the 
'purefl  clays  in  nature  : and  thence 
it  is  concluded,  that  an  argillaceous: 
earth  is  the  other  component  part  of 
alum.  The  conftitnent  parts  of  alum 
may  alfo  be  proved  by  its  artificial 
com^ofition  ; for  though  the  vitriolic 
acid,  when  poured  upon*  pipe- clay,, 
does  not  feem  to  adl  upon  it,  yet  if 
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it  be  boiled  with  it,  a folutlon  of  die; 
clay  in  the  acid  takes  place,  and  an: 
alum  may  be  obtained  by  flowly  eva- 
porating the  folution. 

iBeing  one  day  engaged  in  evapo- 
rating fomething  or  other  from  a 
faucer  made  of  tl^e  StafFordlhire  yel- 
low ware,  I was  furprifed  to  fee  a , 
white  fubflance  bubbling  through  a 
crack  in  the  faucer:  upon  tailing  it 
I found  it  to  be  a fait ; I colledbed  a 
fufficient  quantity  of  it,  and  when  it 
was  dilfolved  and  cryftallized,  it  apw 
peared  to  be  a perfed  alum.  The 
fire  was  a very  hot  one,  and  it  was 
made  of  coal  cinders ; the  faucer  was 
placed  on  the  bar  of  the  grate,  and 
•the  alum,  I conceive,  was  formed 
from  the  Julpbureous  acid  of  the  cin- 
ders uniting  itfelf  with  the  clay^  which 
enters  into  the  compoftion  of  the 

yellow 
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'3^ellow  ware.  I have  been  informed 
by  a very  intelligent  perfon,  that  the 
■ vapoiirwhich,  in  Tome  places,  efcapes 
from  the  coal-pits  which  are  on  fire 
in  Sta'ffordfhire,  forms  an  alum  where- 
ever  it  meets  with  an  argillaceous 
earth.  This  is  very  conformable  to 
the  manner  of  making  alum  on  the 
Solfatara  near  Naples,  where  they 
place  little  heaps  of  argillaceoust^xthsy 
or  ftones,  over  the  crevices  from 
which  the  fulpllureous  vapour  iffues, 
in  order  <that  they  may  colkift  a 
^greater-quantity  of  alum  *. 

Tn  'England  we  make  alum  from 
• ra' black  flaty  fubflance,  called .* 
this  fubfhance  is  a clay,  hardened 
into  a Itony  confiftence,  and  fo  much* 
impregnated  with  bitumen,  that  it 

burns 

^ Lett,  fur  la  Miner,  par,  M.  Ferber, 
French  Tranf.  p.  261, 
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burns  fomewhat  like  coal.  We  have 
feen,  that  coal  emits,  when  it  is  in  the 
Hate  of  a red-hot  cinder,  a fulphii- 
recus  acid  : many  other  bitumens, 
probably, -in  the  fame  Hate  emit  the 
fame,  acid;  and  the  acid  which  is 
emitted' frqm- Hi  ale  during  its  calci- 
nation, uniting  itfelf  to  the  aTgillace- 
ou^earth  of  the  fhale,  forms  alum.  • 
About  120  tons  of  calcined*  fhale 
will  make  r ton  of  alum.  The  Hiale, 

• after  being  calcined,  is  fteeped  in 
■ water,  by  which  means  the  alum, 
which  is  formed  during  the  calcina- 
tion of  the  fliale,  -is  diflblved  ; this 
;dilTolved  alum  undergoes  various 
operations,  before  it  is  formed  into 
the  alum  of  the  (hops.  The  greateffc 
.alum  works,  and  I believe  the  only 
ones  which  now  fubfiH  in  the  king- 
dom, are  at  Wbithy ; a few  years  ago 

• .ilier.e 
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tliere  were  feme  inLancaflilre  ; and' 
'alum  might  be  made  in  many  other 
parts ; but  Whitby  is  fo  conveniently 
fituated  for  coal  and  water  carriage, 
that  alum  can  be  there  afforded  at 
a cheaper  rate  than  in  moft  other 
places,  and  it  coffs  even  there  9 or 
lol.  a ten  making, 

» • 
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OF  PiT-COALe 


ook  96  ounces  of  Newcajlle 


Dal,  and  putting  them  into  an 
earthen  retort,  diltilled  them  with  a 
lire  gradually  augmented  titl  nothing 
more  could  be  obtained  from  them. 
•Durincr  the  diftillation  there  was 

O 

frequent  occafion  to  give  vent  to  an 
claftic  vapour,  which  would  other- 
\iie  have  burfl  the  velTels  employed 
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die  liquid  found  in  th'e  receiver,  and- 
of  the  rofiduum  remaining  in  the  re- 
tort, after  thediflillation  was  finiOied,. 
were  accurately  taken,  and  are  ex- 
preHed’in  the  following  table^. 

Weight  of  Newcafile  pit-coal  dif— 
tilled  - - - - 56  ounces 


ProfeiTor  Newmann  anajyfed,  by 
diftillation,  the  btik  fort  of  the  pit- 
coal  foufid  at  Halle,  in  Germany.  He 
ufed  only  48  ounces  in  his  analyfxS ; 
but  I have  expreffed  the  refult  of  his 
operation,  upon  the  fuppofiiion  of  his 
having  ufed  twice  as  much,  or  96 
ounces 


Weigl.ts  of  the 
products. 
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Weight  of  the  Halle  pit-coal  dlf^ 
tilled  - - - 96  ounces 

r Liquid  - 12 

Weights  of  the  1 r>  rj  o ^ I 

produfts.  1 Refiduum  - 83 1.  ^ ouncej.  , 

LLofs  of  weight 

96. 

Dr.  Venel^  of  Montpellierjanalyfed^. 
by  diftillation,  64  ounces-'of  the  pit- 
coal  of  Alais  in  Languedoc ; fuppofing, 
that  inftead  of  64  he  had  ufed  96 
ounces,  the  refult  of  his  analyfis- 
would  have  been  expreffed  by  the 
following  numbers  :• 

Weight 

* Lnflrudions  fur  I’Ufage  dc  la  Houille.; 
a Avignon,  1775,  p.  45. 
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height  of  Alais  pit- coal  diflil 


M.  Sage,  of  the  Academy  of 
Sciences  at  Paris,  fiys  that  he  has 
' didilled  various  fpecimens  of  pit- 
coal,  tdcen  from  different  places,  and 
that  they  generally  yielded  2 ounces 
f-of  liquid  from  16  ounces  of  coal'-, 
<that  is  12  ounces  from  96  ; which  is 
fa,me  proportion  as  in  lItc  ana- 
lyfis  of  the  Newcafhle  and  Halle  pit- 
'€oal.  . He  does  not  mention  the 
.weights  of  the  refiduums,  fo  that 


led 


96  ounces 


Weights  of  the 
pioducls. 


the 


* Elemens  de  Mlneralogie  ; a Paris, 
tome  pvem.  p-94*  * 


( 321  ) 

the  lolTes  of  weigHr,  in  his  dldljia- 
tions,  cannot  be  afeertained. 

Thefe  feveral  analyfes  correfpond 
fo  nearly,  with  refped  to  the  quantity 
of  liquid  procurable  from  different 
forts  of  coal,  that  they  very  much 
confirm  one  another ; and  make  it 
probable,  that  we  fhail  not  be  far 
from  the  truth  in  generally  afferting, 
that  p;t-coal  contains  one- eighth  part 
of  its  -weight  of  liquid. 

With  refpeff  to  the  nature  of  the 
liquid,  it  may  be  obferved,  that 
when  poured  out  of  the  receiver,  it 
is  feen  to  confill  of  three  different 
fiibflances  : (i)  The  middle  part  is 
an  acid  watery  fluid,  of  a reddifli 
colour,  it  feems  as  if  it  was  loaded 
with  oil,  and  it  fmclls  of  volatile 
alkali:  (2)  On  the  furface  of  this 
watery  fluid  there  floats  a fmall  por- 
VOL.  II.  X 


uon 


( 322  ) 

tlon  of  oil,  more  or  lefs  liquid  and 
tranfparenr,  according  as  the  heat 
ufed  in  conduding  the  diftillation 
has  been  lefs  or  greater  : (3)  At  the 
bottom  there  is  found  a black  thick 
tenacious  oil,  very  much  refembling 
tar.  The  two  oils  together  amounted 
in  the  diftillation  of  the  Newcaftle 
coal  to  four  ounces,  or  one-third 
of  the  weight  of  the  whole  liquid  ; in 
the  analyfs  of  the  Halle  and  Alais 
coals,  as  well  as  in  the  experiments 
of  M.  Sage,  the  two  different  forts 
of  oils  were  obfervable,  but  they 
bore  a greater  proportion  to  the 
whole  of  the  liquid,  than  in  the 
Newcaftle  coal,  amounting  to  one 
half  of  the  weight  of  the  liquid. 
This  difference  makes  me  ftifned 

A. 

that  I committed  feme  error,  in  efti- 
mating  the  quantity  of  oil  obtained 

from 
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■from  the  diflillation  of  Newcaftle 
'Coal.  It  is  probable,  however,  that 
the  quantity  of  oil  feparable  from 
the  fame  kind  of  coal,  may^  be  in- 
fluenced, in  fome  degree,  by  the 
manner  of  performing  the  operation  ; 
and  there  is,  moreover,  fome  reafon 
to  believe,  that  in  different  kinds 
of  coal  the  quantities  of  oil  may  be 
very  various  i as  we  obferve  them  to 
•differ  from  each  other  both  i»  their 
pronenefs  to  catch  fire,  and  in  their 
ability  to  fupport  it : though  it  mufl; 
be  owned,  that  both  thefe  effeds 
may  as  confiftently  be  explained, 
from  the  difference  of  the  manner 
'in  which  the  oil  may  be  combined 
with  the  other  principles  of  the 
coal,  as  from  the  difference  of  its 
quantity. 


X 2 


The 


i 324  } 

The  correfpondence,  with  refpcft 
to  the  quantity  of  liquid  obtained 
by  the  feveral  diflillations  of  Englilh, 
German  and  French  pit-coal,  would 
induce  one  to  fuppofe  that  the  expe- 
riments had  been  refpedively  made 
with  great  accuracy ; but  the  great 
difparity,  as  to  the  quantity  of  the 
rehdues  remaining  after  the  extrac- 
tion of  the  liquid,  feems  to  indicate 
the  contrary  ; for  it  is  greater,  I ap- 
prehend, than  can  be  accounted  for 
from  the  different  natures  of  the 
coals.  The  German  and  French 
analyfes  corroborate  each  other,  and 
the  reader  may  thence  reafonably  be 
difpofed  to  queftion  the  truth  of 
mine.  He  will  permit  me,  however, 
to  produce  a teftimony  in  its  fupport,. 
and  which  is,  perhaps,  the  more  to 

be 
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be -depended  on,  as  I was  not  aware 
of  it  when  the  analyfis  was  ijiade. 

Dr.  Hales  by  diftilling  158 

grains  of  Newcadle  coal,  - obtained 

51  grains  of  air„  From  96  ounces 
% 

he  would',  according  to  the  fame  pro- 
portion, have  obtained  30  ounces 
of  air ; now  the  difierence  be- 
tween 28  ounces  of  fome  fort  of 
matter  or  other  which  was  loft  dur- 
ing my  diftillation  of  96  ounces  of 
coal,  and  30  ounces  of  air,  which 
might  have  been  obtained  frona  the 
fame  quantity  of  coal  by  Dr.  Hales' 
method,  is  fo  fmall,  that  it  may 
eafily  be  accounted  for  from  the 
different  modes  of  operating,  or 
from  a flight  difference  in  the  quali- 
ties of  the  coals.  Many  naturalifts 
have  thought  that  pic-coal  has  been 

X 3 . pro- 
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produced  from  vegetables,  and  efpe- 
cially  from  forefts  of  refinous  woods, 
which  have  been  buried  in  the  bowels 
of  the  earth  j without  entering  into 
ail  the  reafons  on  which  this  opinion 
Js  founded,  I will  lay  before  the 
reader  an  account  of  the  producfls 
obtainable  from  different  woods  by 
diftillation. 

The  woods  which  I diftilled  were 
heart  of  Oak,  Box,  Mahogany,  and 
Sallow,  They  were  all  dry  and  old, 
and  were  cut  into  fmall  pieces,  about 
half  an  inch  fquare,  before  they  were 
put  into  the  earthen  retort.  The 
annexed  table  fliews,  at  one  view, 
the.  refulc  of  the  refpedlive  diftil- 
lations. 
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Heart  of  Oak. 
Weight  dldilledj  96  oz. 

Box. 

9^ 

Mah. 

96 

Sail. 

96 

Liquid  - - 37t 

Refiduum  - - - 30 
Lofs  of  weight  - 284- 

61 1 
26,1 
8 

334 

274 

35 

48 

20i 

274: 

96 

96 

96 

96 

The  liquids  feparable  from -woods 
by  diftillation,  confift  partly  of  oil, 
but  principally  water  impregnated 
with  an  acid,  from  which  alfo  a vo- 
latile alkali  may  be  difengaged.  The 
oil  varies  in  quantity  according  to 
the  nature  of  the  wood,  the  hard  eft 
woods,  and  the  hardcft  parts  of  the 
fame  wood  abounding  moft  in  oil; 
thus  both  oak  and  box  contained, 
in  the  fame  weight  of  the  wood, 
more  oil  than  fallow  did.  That  part 
of  the  oil  which  is  firft  fcparated 
from  the  wood  is  fo  light  as  to  float 
X 4 upon 
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upon  water,  and  of  a yellowidi  co- 
lour ; its  quantity,  however,  is  but 
fmali,  compared  with  that  of  the 
thick,  black,  heavy  oil,  which  fol- 
lows it.  It  appears  from  this  ac- 
count, that  the  quality  of  the  liquid 

feparable  from  wood  by  diftillation, 

/ 

is  wholly  the  fame  with  that  of  the 
liquid  feparable  from  pit-coal  by  the 
fame  means. 

The  matter  which  is  loft  during 
the  diftillation  of  both  wood  and 
pit-coal  has  been  called  air,  and  it 
certainly  has"  one,  at  leaft,  of  the 
moft  diflinguiftiing  properties  of  atr 
— permanent  elafiicity,  for  bladders 
may  be  inflated  with  it  as  with  com- 
mon air.  It  does  not  begin  to  be 
feparated  from  either  wood  or  coal 
till  the  lighter  of  the  two  oils  begins 
to  appear;  it  then  ruft'ies  cut  with 
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great  violence,  and  unlcfs  a proper 
vent  be  given  to  it,  the  ftrongeft 
veffels  will  be  burft  by  it. 

In  diftilling  heart  of  oak,  during 
the  courfeof  chemical  le61:ures  which 
1 read  in  the  univerfity  at  Cam- 
bridge, in  the  year  1767,  I remark- 
ed to  the  audience,  that  the  air 
which  iffued  with  great  violence 
from  the  oak  was  inflammable,  not 
only  at  its  firft;  exit  from  the  diflil- 
ling  veflel,  but  after  it  had  been 
made  to  pafs  through  two  high 
bended  glafs  tubes,  and  three  large 
veflels  of  water.  I at  firfl:  fuppofed 
the  inflammability  to  proceed  from 
fome  oily  panicles  which  had  ac- 
companied the  air,  and  which  I 
thought  .vould  foon  be  condenfed 
by  the  cold,  though  they  had  not 

been 
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been  condenfed  in  paffing  through 
the  water;  but  upon  repeating  the 
experiment,  and  collefting  the  air  in 
bladders,  I found  that  it  retained  its 
inflammability  a long  time,  and 
burned  like  the  air  feparable  from 
fome  metals  by  folution  in  acids. 

From  the  refearches  which  have 
been  lately  made  on  this  fubject,  it 
is  now  believed,  that  this  kind  of 
air  may  be  feparated  from  all  vege- 
table, animal,  and  inflammable  mi- 
neral fubftances  by  diftillatron  ; anrd 
the  common  burning  of  wmod,  coal, 
.paper,  pitch,  oil,  and  other  com- 
buftible  bodies,  is  attributed  to  this 
air,  which  being  feparated  from  the 
bT3dy  by  the  heat,  and  inflamed  by 
the  contact  of  the  fire,  continues  to 
burn  as  long  as  the  body  continues 

to 
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to  afford  a proper  fiippl}?’  of  it.  In- 
flammable  air,  confidered  in  this  view, 
bears  a great  refemblance  to  what 
the  chemifts  have  hitherto  under- 
ftood  by  their  ^hlcgiftcn,  or  food  of 
fire. 

Diftillation  is  not  the  only  means 
of  feparating  inflammable  air  from 
vegetable  and  animal  fubftances,  it 
is  found  to  be  produced  by  piitre- 
faliion.  Stagnant  waters,  whofe  bot- 
toms are  covered  with  putrefying 
vegetables,  yield  an  inflammable  air; 
the  'Thames  water,  in  becoming  pu- 
trid, yields  an  inflammable  air  : and 
the  fame  obfervation  may,  probably, 
be  true  of  other  river  waters  which 
are  fubjedt  to  putrefaclion.  An  in-, 
flammable  air  has  been  obferved  alfo 
in  fwampy  grounds,  in  cellars,  and  in 
privies.  There  are  many  inftanccs  re- 
corded. 
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corded,  of  a vapour  iffuing  from  the 
ftomachs  of  dead  perfons,  which  took, 
fire  on  the  approach  of  a candle  * ; 
the  matter  producing  that  vapour 
could  not,  probably,  become  putrid 
enough  in  the  fhomach,  to  generate 
an  inflammable  vapour,  whilfl  the 
perfons  were  alive  ; for  Van  Helmont 
has  remarked,  that  the  air  difeharged 
from  the  ftomach  by  erudation,  is 
not  inflammable,  but  that  it  becomes 
fo  in  the  lower  inteRines  f . 

From 

* Colleft.  Acad.  Tom.  III.  Part  Etrang. 

p.  1 6. 

-j-  Rudlus  five  flatus  origInaKs  in  Jlomacho, 
prout  et  flatus  ilei  extinguant  flammam  can- 
delas. Stercoreus  autem  flatus,  qui  in  ultimis 
formatur  inteftinis,  atque  per  anum  erumpit, 
tranfmiflus  per  flammam  candclss,  tranfvo- 
lando  accenditur,  ac  flammam  « diverficolo- 
j*em,  iridls  inftar,  exprimit.  Van  Velmout, 
Oper.  p.  405.- 
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From  heart  of  oak  moderately 
dried,  Dr.  Hales  got  one-third  of  the 
weight  of  the  oak  of  the  air  here 
fpoken  of;  this  proportion  fuffici- 
ently  agrees  with  the  quantity  which 
was  lolt  during  the  forementioned 
diftillation  of  oak. 

A cubic  foot  of  dry  hox~wood 
weighs,  according  to  Mr.  Cotes’  ta- 
ble of  fpecific  gravities,  1030  ounces; 
hence,  fuppofing  that  96  ounces  of 
fuch  v/ood  had  only  given  61  ounces 
of  liquid,  it  may  appear  by  an  eafy 
calculation,  that  a cubic  foot  of  dry 
box-wood  contains  above  5 gallons 
of  liquid  ; fuppofing  the  liquid  to  be 
no  heavier  than  water;  and  if  we 
admit  the  oil  and  the  acid,  when  con- 
centered, to  amount  to  two  quarts, 
the  other  18  quarts  may  be  looked, 
upon  as  pure  water ; nay,  the  quan- 
tity 
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tky  of  water  may  be  confidered  as 
amounting  to  almoft  the  whole  of 
the  liquid,  fince  both  acids  and  oils 
principally  confiil  of  water. 

A cubic  foot  of  fallow  weighs, 
according  to  Mufchenbroek,  585 
ounces,  andfuppofing  that  96  ounces 
of  fuch  wood  would  yield  by  diftil- 
lation  48  ounces  of  liquid,  then  a 
cubic  foot  would  contain  about  9 
quarts  of  liquid,  which  is  not-  half 
fo  much  as  an  equal  bulk  of  box- 
wood contains. 

I put  the  matter  in  thefe  different 
lights,  in  order  to  excite  thofe  who 
have  leifure  to  make  fimilar  inqui- 
ries, for  it  is  undoubtedly  a very 
wonderful  thing,  that  fuch  large 
quantities  of  water ^ and  air^  flrould 
be  combined  with  \.\\^  earth  of  wood, 
by  fuch  a peculiar  bond  of  union  as 

to 
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to  remain  for  ages  wirhout  lofino- 
any  of  their  diftinguifliing  proper- 
ties. And  here  I am  fenfible  is  great 
room  for  many  phyfical  inveftiga- 
tions. — Are  the  denfeft  woods  the 
moft  abundant  in  air  and  water  ? Is 
the  air  generated  by  the  procefs  of 
difiillation,  or  only  dijengaged  from 
the  wood,  into  the  compofition  of 
which  it  had  entered,  together  with 
water,  by  vegetaticn  ? Have  the  ///- 
fiammahle  airsy  feparable  from  differ- 
ent woods  by  difiillation,  the  fame 
fpecific  gravity  and  the  fame  degree 
of  inflammability  ? Or  is  the  inflam- 
mability influenced  by  the  nature  of 
the  oil  contained  in  the  wood  ? How 
long  will  a given  quantity  of  air  re- 
tain its  inflammability  ? Does  it  lofe 
it  in  confequence  of  the  ■precipitation 
of  fame  oily  panicles^  which  are  dif- 

folved 
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folved  in  it,  when  it  is  firll:  diftilled  r 
As  no  particle  of  matter  can  be  an* 
nihilated,  what  becomes  of  the  in- 
flammable air  after  it  has  been  in- 
flamed ? Is  it  reduced  to  an  unelaftic 
earthy  or  does  it  ftill  exift  under  the 
form  of  an  uninflammable  elaftic 
fluid?  Whence  is  it  that  no  air  begins 
to  be  diftilled,  till  the  moft  volatile 
'part  of  the  oil  begins  to  be  feparated 
from  the  wood  ? Fraxinella  is.  a very, 
odorous  plant ; when  in  full  blofforn, 
the  air  which  furrounds  it  in  a ftill 
night,  may  be  inflamed  by  the  ap- 
proach of  a lighted  candle : Does  this 
inflammability  proceed  from  an  in- 
flammable air,  which  is  exhaled  by  the 
plantjorfromfomeofthefintr  particles 
of  the  oil  of  the  plant,  being  dljjclved 
in  the  common  air  of  the  atmofpliere  ? 

Whence  is  it  that  the  oils  diftilled 

from 
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from  v^ood,  during  the  fame  dpera- 
fion,  are  of  different  colours,  con- 
fiflencies,  and fpecific  gravities?  Does 
this  variety  depend  upon  the  lofs  of^ 
(he  air,  or  upon  the  quantity  of  the 
acid  mixed  with  the  oils  ? Are  the 
oils  and  acids  of  dilferent  woods  dif- 
(Inffuifhable  from  one  another  by 
any  fpecific  differences,  or  do  they 
onjy  differ  from  one  another  as  to 
more  or  lefs  ? Suppofing  the  acids 
obtained  from  different  woods  to  be 
of  the  fame  fort,  and  to  be  purified 
to  the  grcatefl-  degree,  what  kind  of 
falts  would  they  form,  when  united 
with  alkalis,  earths,  and  metallic 
fubftances?'  In-wdiat  manner  are  the 
relative  proportions  of  the  water, 
addsj  oils,  airand  refiduum  feparable 
ffom  wood  bv-didiilation,  influenced 
v-oL.  II.  Y by 
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by  the  operation  being  condu5leS 
with  a quick  ora  flow  fire  ? 

Thefe,  and  a great  many  fjmilar 
queflions,  might  be  refolved  with  fhe 
greatefl  accuracy,  and  our  knowledge 
be  thereby  much  advanced.  But  it 
falls  to  the  lot  ofrfew  to  be  able  to 
build  commodious  Elaboratories,  to 
purchafe  fuitable  inflruments,  to  fup- 
ply  proper  materials,  and  to  main- 
tain operators  to  execute  the  infinite 
variety  of  experiments  which  might; 
be  devifed,  for^the  regular  and  fyfte- 
matic  improvement  of  every  branch 
;of  Chemiflry. 

The  refldue  remaining  in  fhe  ye- 
:tort,  after  the  diflillation  of  the  wood, 
is  a perfedl  charcoal,  and  that  which 
remains  after  the  diflillation  of  pit- 
coal,  is  a liglK  fpungy  mafs,  <in  ap- 

^pearance, 
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pearance,  and,  indeed,  in  quality, 
refembllnga  fubftance  prepared  from 
plt-coal,  as  an  article  of  trade,  and 
which  is  ufually  called  coak  or  cinder^^ 
At  Newcaftle  24  barrows  of  coals 
produced  generally  but  18  barrows  of 
cinders,  and  the  price  of  a bulhel,  or 
of  any  other  meafure  of  cinders,  is 
commonly  one  third  more  than  the 
price  of  the  fame  meafure  of  coals 
At  Cambridge^  on  the  contrary,  where 
great  quantities  of  cinders  are  pre- 
pared for  the  drying  of  malt  in  the 
town  and  n^hbouring  villages,  the 
price  of  cinders  and  of  coals  is  the 
feme.  From  this  ciicumftance  it 
might  probably  be  inferred,  that  the 
coal  was  increafed  in  bulk  by  being 
converted  into  cinder,  otherwife  the 
meichant  would  have  no  compenla- 

y 2 tion 

* Voy,  Metal,  par  M.  Jars,  2 1 1. 
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lion  for  the  expence  attending  the- 
procefs.  Upon  examining  the 
I found  that  in  one  inftance  30 
bufhels  of  coal  gave  39  biifhels  of 
cinders,  and  rn  another  28  bufliels  of 
coal  gave  36  bufhels  of  cinders.  The 
quantity  of  cinders,  being  eftimated 
by  meajure^  depends  much,  upon  the 
cinders  being  in  rounder  lumps  than 
the  coals j and.  the  real‘  quantity,, 
eftimated  weighty  depends  greatly 
upon  the  degree  of  heat  to  which  the 
cinder  has  been  expofed.  I take  the 
difference  in  the  bulks  of  the  New- 
caftle  and  Cambridge  cinder,  pro- 
curable from  an  equal  quantity  of 
coals,  to  proceed  from  the  different 
degrees  of  heat  to  which  they  are  ex- 
pofed; the  Cambridge  coak  ovens 
being  drawn  once  in  24  hours,  and 

thofe 
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thofe  at  Nevvcaftle  only  once  in  48 
^ hours,  or  thereabouts. 

In  order  to  fee  what  eflEefl  a longer 
continuation  ot  fire  would  have  up- 
on the  ordinary  Cambridge  cinder, 

« 

1 took  a large  piece,  and  having 
broken  it,  threw  one  part  of  it  into 
the  middle  of  a fierce  cinder  fire,  em- 
ployed  in-the  drying  of  malt.  This 
part  became  red  hoc  in  lefs  than  ten 
minutes ; after  it  had  continued  in 
that  fituation  for  above  two  hours,  I 
took  it  out,  and  when  it  was  cold  I 
.found  it  coi^derably  wafted  in  bulk, 
but  it  appeared  to  .be  harder  and 
blacker  than  the  other  part  of  the 
fame  piece,  and  its  parts  were  cer- 
tainly more  -condenfed;  for  I found 
that  a cubic  foot  of  the  ordinary  cinder 
weighed  1090  ounces,  and  a cubic 
foot  of  that  which  had  been  .expoletf, 
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to  the  fire  for  two  hours,  weighed 
1208  ounces.  This  cinder  was,  pro- 
bably, as  much  changed  in  the  fpace 
of  two  hours,  by  the  ftrong  draught 
of  the  fire  in  which  it  was  put,  as  it 
would  have  been  by  a much  longer 
continuance  in  the  coak  oven,  where 
the  draught  of  air  is  very  little  : and 
from  this  experiment  it  may  be  in- 
ferred, that  the  quantity  of  cinders 
])rocurable  from  a definite  quantity 
of  coals,  depends  very  much  upon 
the  ftrength  and  continuance  of  the 
fire,  fince  the  cinder,  after  it  is  fully 
formed,  is  not  only  wafted  in  part  by 
a longer  continuance  in  the  oven , but 
the  part  which  remains  is  rendered 
more  denfe,  and  upon  both  accounts 
the  quantity,  eftimated  by  meafure, 
is  leflened.  This  obfervation  may  be 
•of  life  to  thofe  who  are  employed  in 
N pre- 
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preparing  cinder  for  fale;  and  upon 
inquiry  I find,  that  the  quantity  of  - 
cinder  procured  from  the  fame  quan- 
tity of  coal  is  very  variable : when  the 
operation  has  been  longer,  or  the  heat 
greater  than  ufual,  inftead  of  gain- 
ing of  fix  or  eight  bufliels  from  every 
thirty  bufhels  of  coal,  they  fometimes 
are  not  able  to  get  even  30  bufhels 
of  cinder. 

The  confumption  of  charcoal  in 
fluxing  iron  from  its  ores,  and  in 
manufafluring  it  into  bar  iron;  is  fo 
very  confid?Vable,  and  the  price  of 
charccal,  f'om  the  great  fcarcity  of 
underwood  in  this  kingdom,  is  fo 
great,  that  many  attempts  have  been 
made  to  fubflitute  in  this  bufinefs 
charred  pit-coal  in  the  room  of  char- 
coal. Thefe  attempts-  have  in  pare 
fucccedcd,  and  iron  is  now  very 

Y 4 ' gene- 
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generally  ext  railed  from  its  ore  by 
fires  made  with  coak.  But  the  iron 
thus  procured  is  very  fragile  and 
coarfe,  and  cannot,  without  great  dif- 
ficulty, be  rendered  as  malleable  as 
that  which  is  fluxed  with  charcoal  ; 
it  may  anfwef  nearly  as  well  for  caft- 
ing,  but  it  cannot  be  made  into 
good  bar  iron  by  any  art  hitherto 
known.  Hejice  it  became  an  objed 
worthy  the  contemplation  of  the  fo- 
ciety  for  the  encouragement  of  arts, 

' manufactures,  and  commerce,  to  pro.- 
pofe  premiums  for  the  making  of  pig 
iron,  and  converting  pig  iron  into 
bar  iron  with  coak.  The  pigs  and 
bars  were  required  to  be  as  good  as- 
thofe  made  with  charcoal ; but  the 
premiums,  though  propofed  from 
1762  to  1 76,6,  were  never  claimed 

Thofe 

^ Memoirs  of  Agrlculttire,  \ol*  I.  p.  22.0^ 
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Th'ofe  who  are  intereiled  In  iron 

t 

works,  have  motives  more  prevalent 
than  the  fociet}‘’s  premiums  to  in- 
duce them  to  perfed  the  art  of  fmel^ 
ing  by  -means  of  charred  pit-coal ; 
and  it  may  not  be  an  ufelefs  hint  to 
them,  to  try  the  effedl  of  coak  which 
has  undergone  different  degrees  of 
hear.  I ordered  a ton  of  coals  to  be 
put  into  a coak  oven,  and  when  it 
was  in  the  ufual  way  converted  into 
a cinder,  I found  that  it  weighed 
II  hundred -^veight ; had  it  ftayed 
longer  in  the  oven  it  would  have 
been  reduced  further,  and  it  may 
deferve  to  be  inquired,  whether  there 
is  not  a cU  finite  weight  to  which  any 
given  quantity  of  coals  ought  to  be 
reduced,  in  order  to  produce  the 
b.eft  poffible  coak  for  the  fluxing  of 


iror 
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iron  ore.  The  Alais'^  pic-coal  is 
laid  to  Jofe  half  of  its  weight  by  be- 
ing reduced  to  coak,  whilll  another 
fort  of  coal  loft  only  35  parts  in  an 
hundred  : this  diverfity  may  depend 
j^artly  on  the  nature  of  the  coal,  but. 
principally,  I conceive,  on  the  de- 
gree and  continuance  of  the  fire  ufed. 
in  the  pre^paration  of  the  coak. 

‘‘  What  (hall  1 fay  further  of 
coals,  except  I tell  you  of  one  Be- 
chcr^  in  King,  Chai  les  the  Second’s 
lime,  who  pretended  to  m^ke.  fitch 
and  tar  from  them,  but  I think  his 
project  came  to  nothing  d'..”  This 
is  Hoi^ghton’s  obfervation  concerning 
a projedt  of  one  of  the  greateft  che- 
inifts  that  ever  lived.  AYhatever 

fate 

/ 

Inftruc.  fiirPUfage  de  la  HoiuHe,  p.  8 1, 

' •}•  Houghton’s  Collec.  Vol.  li.  No.  242. 
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fate  his  projedi  met  with  in  his  own 
age,  it  has  been  realized  in  ours  ^ 
for  a kind  of  tar  has  for  feveral  years 
lafl:  pad  been  prepared  from  coal  in 
the  bifhopric  of  LiegCy.  and  in  other 
parts  of  Germany ; we  alfo  make 
conliderable  quantities  in  England, 

. efpecially  near  Brojely,  and  at  Brif^ 
tol* ; a perfon  at  Briflol  having  ob- 
- tained  a patent  for  making  tar  from 
pit'Coal,  the  condition  of  which,  if 
I am  rightly  informed,  is,  that  every 
perfon  undertakes  to  procure 

tar 


* In  the  Philof,  Tranf.  No.  22S,  year  1697, 
there  is  mention  made  of  pitch  and  tar  being 
then  feparated  at  Brofeleyy  in  Shropjhire^  from 
the  black  bituminous  ftone  which  lies  over  the 
coal.  It  was  feparated,  partly  by  boiling  the 
Aone,  and  partly  by  diftilling  it — The  prefent 
method  of  obtaining  pitch  from  pit-coal  is  a 
great  improvement  upon  the  former  pradlicc. 
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tar  from  pit-coal  mud  pay  a (hilling 
a barrel  to  the  patentee. 

The  method  of  making  tar  is  thus 
d-efcribed  by  Newmann. — Tar  is 
prepared  in  different  parts  of  Ger- 
many, Norway,  Sweden,  &c.  from 
the  pine  and  the  fir-tr^es,  and  In 
fome  places  from  the  larch  and  the 
terebinth.  The  wood  is  inclofed  in 
a large  oven  to  the  quantity  of  ten 
©r  more  loads  at  a time  : this  (lands 
within  another  oven  called  the  man- 
tle, the  fpace  between  them  receiv- 
ing the  fire.  From  the  bottom  of 
the  inner  oven  runs  a gutter,  by 
which  the  tar  is  conveyed  off  in 
proportion  as  it  melts  out  of  the 
wood^.’"  This  procefs  is  a kind  of 
diflillation,  in  which  the  inner  oven 
, repre- 


' * Newmatm’s  Chem.  p.  288. 
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rcprefenrs  the  body  of  the  retort, 
and  the  gutter  its  neek.  The  fluid 
parts  of  refinous  woods  are  probably 
capable  of  being  melted  out  of  them 
with  a lefs  degree  of  heat  than  what 
is  requifite  for  the  di-ftillation  of  coal, 
yet  the  procefs  of  procuring  tar, 
here  mentioned,  might  be  applied, 
with  a few  alteratio.ns,  to  the  obtain- 
ing the  thick  oil  of  coals. — There 
wou-ld  in  this  plan  be  no  lofs  of  fuel 
the  coal  contained  in  the  inner  oven 
would  be  converted  into  one  of  the 
mod  valuable  kinds  ofcoak,.  and  the 
fire  between  the  ovens  would  afibrd 
a cinder  as  good  as  the  common 
cinder.- 

In  the  bilhopric  of  Liege  the  coal 
is  diftilled  in  a kind  of  dill  com- 
pofed  of  two  large  cad-i'ron 'pots.  In 
England  the  coal  is  put  into  ovens 

which 
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which  are  heated  by  fires  lighted 
under  their  bottoms,  and  the  liquid 
matter  is  forced  through  an  iron 
pipe  inferted  into  the  top  of  the  oven, 
and  which  communicates  with  pro- 
per condenfing  veffels.  As  the  pitchy 
oil  is  very  heavy,  the  diftillation,  I 
think,  would-be  mod  advantageoufly 
performed  by  making  the  fire  on 
'the  top  of  the  oven  containing  -the 
coal,  fo  that  the  liquid  matter  might 
be  made  to  defcend  through  a pipe 
inferted  into  the  bottom  of  the  oven, 
and  communicating  with  proper  re- 
ceivers. 

In  the  great  works  they  obtain 
the  very  fame  fubftances  which  we 
got  from  the  analyfis  of  coal — a 
corrofive  watery  liquor,  and  two 
forts  of  oil.  The  two  oils  are  put 
into  an  iron  flill,  in  order  to  their 

being 
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being  further  purified  from  the  wa- 
tery liquor  with  which  they  are  mix- 
ed ; 6 barrels  of  this  oily  matter 

\ 

produce  about  5 barrels  of  oil  of  a 
thicker  confidence  ; of  the  oil  thus 
thickened  one  part  is  lighter  than 
the  other,  the  lighter  part  is  drawn 
off  from  the  other,  and  is  not  at  pre- 
fent  applied  to  any  ufe ; the  thicker 
part  is  ufed  as  tar/iox  the  paying 
•the  fides  and  bottoms  of  fbips,  but. 
it  is  not  found  to  anfwer  fo  well  as 
tar,  either  ^r  cordage,  or  to  mix 
with  oakum. 

Thofe  who  are  intereded  in  the 

preparation  of  coak  would  do  well 

•to  remember,  that  every  96  ounces 

of  coal  would  furnidi  4 ounces  at 

* 

the  lead  of  oil,  probably  6 ounces 
.might  be  obtained  ; but  if  we  put 
2 the 
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the  product  fa  low  as  5 ounces  from 
100,  and  fuppofe  a coak  oven  to 
work  olf  only  100  tons  of  coal  in  a 
year,  there  would  be  a faving  of  5 
tons  of  oil,  which  would  yield  above 
4 tons  of  tar  : the  requifite  alteration 
in  the  ftrucdure  of  the  coak  ovens, 
fo  as  to  make  them  a kind'  of  diftii- 
ling  vefTels,  might  be  made  at  a very 
trifling  expen ce. 

It  has  been  before  obferved,  t hat- 
wood  and  pit- coal  wholly  refemble 
cadi  other  in  the  products  which 
they  yield  by  dhlillatlon  and  as  the 
oil  from  pit-coal  is  found  to  anfxver 
the  purpofe  of  tar,  it  might  furely 
be  a matter  worthy  the  confideration 
of  thofe  who  are  engaged  in  the 
burning  of  wood  into  charcoal,  to 
contrive  means  which  might  eafily 

be 
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be  done,  favins:  all  the  dll  which  ' 
is  feparated  from  the  wood  during 
that  operation. 

The  acid  liquor  which  is  procured 
from  pit-coal,  when  it  is  diftilled  for 
tar,  is  at  prefent  throwm  away,  as  I 
have  been  informed  by  a perfon  who 
is  much  entracred  in  this  bufinefs. 

O O 

Without  entering  into  the  difpute  - 
concerning  the  origin  of  the  vegeta- 
ble fixed  alkali,  we  may  obferve,  that 
it  is  generally  obtained  from  the 
combuflion  of  the  vegetable,  and 
there  is  rea  fcJn  to  think,  that  the  add 
of  the  vegetable  contributes  in  fome 
way  or  other  towards  its  produflion : 
thus  the  concrete  acid  of  tartar  yields, 
by  being  burned,  a great  quantity  of 

fixed  alkali.  Is  it  wholly  imprpba- 

. ^ 

blc,  that  the  add  liquor  which  is  fe- 
parated frorrl  the  coal  by  diflillation, 
VOL.  II,  Z might 
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might  be  converted  Into  a fixed  alkali 
by  being  boiled  down  and  calcined, 
either  by  itfeU,  or  in  conjunftion  with 
ftravv,  charcoal  dull,  or  any  other 
fubftance  containing  the  inflam- 
mable principle  ? 

The  making  of  fixed  alkali  in 
Great  Britain,  is  a matter  , of  fuch 
o-reat  national  concern,  that  the  com- 

C5 

mercial  reader  will  excufe  me,  if  I 
give  another  hint  or  two  upon  the 
lubjea.  Might  not  pot-afn  be  pre-. 
pared  in  the  cyder  countries,  from 
the  calcination  of  the  acid  earthy 
pulp,  which  remains,  after  the  juice 
is  prefled  out  from  the  apple  ? ‘The 
brewery  grains  are  at  prefent  applied 
to  home  ufe  ; would  they  nor,  if  fuf- 
fered  to  turn  Jcury  yield  n.ore  profit 
by  being  calcined  for  pot-afh  ? The 
brewery  hops,  which  are  impregnated 

with 
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with  the  fvveet  wort,  would  probably 
turn  four,  and  as  they  are  thrown 
away  as  ufelefs,  might  it  not  be  ad- 
vifable  to  fee  whether  they  would 
not  yield  pot-adi  by  calcination  ? 
The  lees  and  refufe  from  the  making 
of  vinegar,  might  be  tried  for  the 
fame  purpofe ; and  fo  might  all  the 
water  which  is  impregnated  with  the 
walhings  of  the  floors,  vefTels,  &c. 
-in  which  any  vegetable  liquor  is  fer- 
mented, either  into  ale  or  vinegar. 
I remember  having  evaporated,  feve- 
ral  years  ago,  a large  quantity  of 
horfe’s  ui^ne,  with  a view  of  feeing 
whether  it  would  yield  by  cryflal- 
lization,  the  fame  kind  of  pho/phoric 
fait,  which  may  be  obtained  from 
human  urine ; I could  not  procure 
any  fait  of  that  kind  from  it  ; but 
when  it  was  evaporated  to  drynefs. 


Z 2 


It 
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if  yielded,  even  without  calcination,  a 
great  deal  of  fixed  alkali.  The  urine 
of  animals  which  feed  upon  vegeta- 
bles, arifes  from  the  juices  of  the  ve- 
getables, which  have  been  changed 
in  fomc  degree  by  the  organs  of  di- 
gedion  ; may  not  a fimilar  change 
take  place^by  putrefaeftion  ? and  may 
not  the  putrefadion  of  vegetable 
juices  be  increafed,  by  a fmaH  ad- 
mixture of  common  fait  ? and  would 
not  the  quantity  of  alkali  be  thereby 
increafed  ? Is  it  not  poffible  to  de- 
compofe  common  fait,  by  mixing  it 
with  vegetables  in  a ftate  of  putre- 
.fadion  ? If  the  acid  of  fait  could  by 
any  cheap  means  be  feparated  from 
its  alkaline  bails,  it  would  undoubt- 
edly be  the  iniereft  of  government  to 
exempt  from  the  fait  duty,  all  fuch 
rock  or  fea  fait  as  fliould  be  con- 
S verted 
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verted  into  a fi'xed  alkali ; for,  by  that 
means,  all  the  money  might  be  kept 
in  the  kingdom,  which  is  now  fent 
out  of  it,  fur  the  purchafe  of  barilla, 
and  other  forts  of  fixed  alkali. 

It  has,  with  fome  men,  been  a 
fubject  of  apprehenfion,  left  all  the 
coal-pits  in  England  (liould  foon  be- 
come exhaufted.  The  quantity  of 
coal  which  is  annually  raifed,  is  cer- 
tainly very  great ; and  as  coal  is  not 
found  to  grow  again,  the  time  rnuft 
come  when  it  will  ajl  be  confumed. 
That  2sra,  however,  is  certainly  at 
a great  diftance,  fince  in  thofe  coun- 
ties where  coal  is  found,  they  are 
conftantly  opening  frdh  pits,  and 
may  for  centuries  to  come  continue 
to  open  more  ; and  coal  may,  pro- 
bably, be  O'  covered  in  many  coun- 
ties, where  one  is  extradled  at  pre- , 

z 3 fent. 
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fent.  It  will  enable  the  reader  to 
form  fome  notion  of  the  great  exca- 
vations which  are  annually  made  in^ 
this  iiland  from  the  digging  of  coal, 
if  we  calculate  the  extent  of  that 
which  is  made  in  one  year,  in  confe- 
quence  df  the  coal  which  is  imported 
into  London.  The  following  account 
may  be  relied  on  ; 

An  account  of  coals  imported  into 
the  port  of  London  in  ten  years,  end- 
ing at  Chriftmas  1779- 
Chriftmas  1770  - - 615,330  chalders. 

1771  - - 694,003 

1772  - - 725,008 

J773  " - 624,781 

1774  - - 623,727 

1775  - - 672,786 

1776  - - 700,207 

1777  - - 697,435 

1778  - - 647,361 

1779  - - 


Annual  average  658, f 53 


No 
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No  accounts  are  kept  at  the  Cwf- 
tom  Houfe,  diftinguilhing  the  im- 
portation from  Nevvcaftle,  Sunder- 
land, Blytlie,  Hartlepool,  &c.  or 
from  the  feveral  parts  in  Scotland 
and  Wales,  the  Crown  revenue  not 
being  afteded  thereby.  The  duty  is 
8s.  per  chaldcr  of  36  Winchedef 
buflnels,  on  all  coals  fold  by  meafure, 
and  6s.  4d.  per  ton,  on  fuch  as  are 
fold  by  weight.  It  appears  from  the 
preceding  account,  that  in  the  year 
1777,  there  were  imported  into  the 
port  of  London  697,435  chalders ; 
and  we  learn  from  another  autho- 
rity*, that  in  the  fame  year  there 
were  imported  fr<;m  Ncwcajile  and 
Sunderland  alone  692,093 f chalders. 
By  con)paring  thefe  numbers,  we 
may  obferve  how  fmall  a j-joiiion  of 

z 4 the 


• Alin,  Reg.  17  77,  Ch.  161, 
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the  coal  confuQied  in  London'  is 
brought  from  any  other  quarter. 

A chakier  of  coals,  Newcaftle  mea- 
fure,  is  allowed  by  A6lof  Parliament 
* to  weigh  53  hundred  weight : and 
as  8 Newcaftle  chalders  are  equal  to 
15  London  chalders,  reckoning  36 
Winchefter  bufliels  to  the  London 
chalder,  it  follows,  that  a chalder  of 
coals,  London  meafure,  is  equal  to 
a little  more  than  28  hundred  weight. 
But  fuppofing  28  hundred  weight 
to  be  the  weight  of  a London  chalder, 
then  as  the  medium  quantity  of  coal 
annually  imported  into  London  is 
658,853  chalders,  it  may  be  colledt- 
ed,  that  there  are  annually  imported 
922,394  tons. 

The  following  table  expreftes  the 

relative 

* 6 & 7 W.  & M.  in.  c,  10.  f.  2. 
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' relative  weights  of  a few  different 
forts  of  coals. 

Weight  of  a cubic  foot  of 

Welfli  coal  - - - 1396  ounces  avoir, 

Yorkfhlre  ftone-coal  ' 

Lancafh.  cannel-coal  1273  

Newcaftle  upon  Tyne  1271  

* StafFqrdfh/re  coal  1241 

:}:  Coal  de  Graiffefac  1371  

J Coal  des  Carmaux  1333  > 

JCoald’Alais  - - 1500  

. Medium  weight  1336  ounces  avoir. 

' The  Welfli  coal  was  of  that  kind 
which  burns  without  giving  any 
finoke,  they  mix  it  here  with  cinder 
for  the  drying  of  malt.  The  York- 
lliire  (lone- coal  was  taken  from  a pit 

near 

* Phllof.  Tranf.  No.  169. 

% The  weights  or  the  three  French  coali 
were  calculated  from  cxperimentB-mcntioned- i* 
Inftrudt.  fur  I’Ufagc  dc  Houille,  p.  2. ' 


( 

near  Wakefield,  and  is  part  of  the 
flratum  which  lies  at  the  bottom  of 
the  black  coal.  The  cannel-coal 
was  from  Wigan  in  Lancafliire  : this 
coal  is  commonly  iifed  by  the  coun- 
try people  to  work  by  in  the  winter 
nights,  inflead  of  candles,  and  its 
name  has  been  probably  derived  from 
its  ufe,  candles  being  called  in  the 
dialed:  of  the  northern  counties, 
cannels. 

The  Newcadle  coal  was  of  a kind 
which  is  much  eflieemed  at  Cam- 
bridge, and  which  is  called  Old  Ducks, 
The  medium  weight  of  a cubic  foot 
of  thefe  feveral  coals  being  1336 
avoirdupois  ounces,  a cubic  yard  or 
27  cubic  feet  of  coal,  will  weigh 
22544  avoirdupois  pounds ; there  arc 
2240  fuch  pounds  in  a ton,  hence  wc 
may  fay  in  general,  that  a cubic  yard 

of 
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of  pit- coal  weighs  a ton  ; fome  forts 
of  coal  weigh  a few  pounds  more, 
and  other,  a few  pounds  lefs  than  a 
ton.  From  what  has  been  before 
obferved  concerning  the  quantity  of 
coal  annually  imported  into  London, 
,we  may  now  conclude  that.  922,39^ 

' cubic  yards  of  coal  are  annually  dug 
out  of  the  earth  for  the  fupply  of  the 
London  market.  This  quantity  of 
coal,  if  fpread  to  the  thicknefs  of  an 
inch,  would  cover  an  area  of  above 
10  fquare  miles;  and  no  doubt  the 
confumption  of  fo  large  a quantity 
contributes  very  much  both  to  the 
daily  dirtinefs  of  the  ftreets  of  Lon- 
don, and  to  that  elevation  of  foil 
which  is  fufficiently  obvious  in  the 
city  and  its  environs,  when  diflani 
periods  of  time  are  compared  to- 
gether, 

Th« 
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The  weight  of  a London  chalder 
of  coals  is  here  put  equal  to  28 
hundred  weight,  upon  the  fuppofi- 
tion  of  8 Newcaftle  chalders  being 
equal  to  15  London  chalders.  Upon 
weighing  a bufhel  of  the  middle 
fized,  large,  and  fmall  old  ducks^  at 
Cambridge,  I found  the  weights  to 
be 


Middle  fized 

74 

Large  coal 

76  ■ 

Small  coal 

80 

Medium 

76I 

, This  medium  does  not  give  quite  2 5 
hundred  weight  to  a chalder.  I 
found,  by  weighing  coals  at  another 
warehoufe  in  Cambridge,  that  30 
, buQiels  made  a ton,  which  is  741- 
pounds  to  a biilhel. 

It  is  not  certainly  known  how 
long  coal  has  been  dug  in  Great 

Britain  i 
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Britain ; the  firft  fort  of  fuel  whicli 
all  nations  ufed  was  probal:>ly  wood, 
and  as  that  grew  fcarcc,  men  began 
to  fearch  into  the  bowels  of  the  eartl^ 
for  fomething  to  fupply  iis  place. 
We  have  good  reafon  to  believe  that 
the  Newcaftle  coal-pits  were  wrought 
in  the  time  of  the  Romans,  for  coal 
tinders  have  been  found  at  the  bot-’ 
tom  of  the  foundation  of  a city  built 
by  the  Romans  in  that  county  * ; 
but  whether  they  were  not  wrought 
by  the  Britons  before  the  Roman 
invafion,  is  a queftion  which  cannot, 
perhaps,  be  pofitively  decided  either 
way. 

Anderfon,  in  his  Hiftory  of  Com- 
merce, fixes  the  introdudlion  of 
Newcaftle  coal  into  London  at  fo 
early  a period  as  the  year  1305  ; and' 
« mentions 

* Wallis’s  Hlft.  of  Northumberland, 
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mentions  a complaint  of  the  nobi* 
lity  and  gentry,  which  was  preferred 
to  the  King,  againft  the  ufe  of  fea- 
coal,  as  a public  nuifance.  A fimi- 
lar  prejudice  prevails  at  this  day, 
among  thofe  who  have  not  been  ac- 
cuftomed  to  pit-coal  fires.  The 
great  Hoffman  had  given  it  as  his 
opinion,  that  the  peripneumony, 
the  dry  aflhma,  and  the  confump- 
tion,  were  common  maladies  amongft 
the  inhabitants  of  Liege  and  Lon- 
don, and  that  they  were  occafioned 
by  the  great  ufe  of  pit- coal  in  thofe 
places.  M.  Morand,  in  1769,  was 
at  the  trouble  to  inquire  into  this 
matter  ; and  it  appears  from  the  at- 
teflations  of  the  College  of  Phyfi- 
cians  in  London  ; of  the  Faculty  of 
Medicine  at  Varh\  of  the  phyfcians 
at  Liege,  at  Lpns,  and  other  places, 
A that 
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that  the  opinion  concerning  the  pe- 
culiar infalubrity  of  pk  coal  fires  is 
utterly  without  foundation. 

It  has  been  remarked  that  coal, 
in  being  diftilled,  yields  near  ^ of 
its  weight  of  air ; in  being  confumed 
by  burning,  it  yields  a great  deal 
more ; for  both  the  reiidue  remain- 
ing in  .tlie  retort,  and  the  oil  ob- 
tained by  diftillation,  yield  much 
air  during  combuflion.  I do  not 
think  that  it  would  be  an  extrava- 
gant fuppofition,  if  we  fhould  fay, 
that  the  922,394  tons  of  coal  which 
are  annually  confumed,  difperfed 
into  the  atmofphere  incumbent  over 
London,  3000C0  tons  of  air ; and 
this  quantity  may,  probably,  be 
about  ^ of  the  vvhole  qiiantity  of  air 
which  is  refpired  by  the  inhabitants 
of  London  in  the  com  fe  of  a year. 

Hence, 


( 3«S  ) . 

Hence,  though  it  fliould  be  granted 
that  the  air  from  coal  is  not  more 
unwholefome  than  that  which  is  fepa- 
rated  from  any  other  kind  of  fuel, 
yet  the  vaft  quantity  of  it  with  which 
the  common  air  over  great  cities  is 
daily  infedled,  may  contribute  fome- 
thing  to  the  rendering  them,  what 
they  have  been  jufUy  called,  the 
GRAVES  of  mankind. 


END  OF  VOL.  ir. 
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